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INTRODUCTION 

A  wide,  general  editorial  experience  obtained  through  careful 
consideration  of  the  needs  of  the  average  automobilist  by  the  writer 
while  technical  editor  for  one  of  the  leading  motor-car  joumals,^ 
has  shown  that  the  modem  motorist  is  always  seeking  for  informa* 
tion  that  will  enable  him  to  run  his  car  more  intelligently.  A  number 
of  primers,  catechisms,  handbooks  and  other  literature  of  this 
natiu'e  have  been  prepared  for  educating  the  prospective  or  present' 
owner  or  driver  of  an  automobile,  but  all  of  these  have  been  cri* 
ticised  because  of  various  shortcomings,  though  some  have  beeii^ 
of  great  value. 

They  are  seldom  arranged  in  a  logical  manner  and  for  the  most 
part  assume  that  those  they  try  to  teach  are  technically  informed. 
One  passes  from  a  chapter  on  running  gear  parts  directly  to  one  oi^ 
ignition  and  from  that  to  one  on  car  oiling  or  some  other  subject 
foreign  to  that  previously  considered.  This  arrangement  makes  it 
difficult  for  the  average  reader  to  get  the  utmost  value  from  his 
reading.  For  the  most  part  the  illustrations  are  crude  represents-' 
tions,  often  of  imaginary  mechanism,  and  it  is  seldom  that  the 
various  essential  points  the  author  wishes  to  call  attention  to  are 
indicated  in  any  intelligible  manner  on  the  illustration. 

The  splendid  reception  accorded  the  writer's  previous  work 
"The  Modem  Gasoline  Automobile"  has  been  very  gratifying.  This 
work  was  written  as  a  general  treatise  and  no  attempt  was  made  to 
make  it  a  primer  or  elementary  work.  So  many  motorists  have 
written  to  the  publishers  commending  the  logical  arrangement  of 
the  text  and  the  clear  accurate  illustrations  and  so  many  suggestions 
have  been  received  by  the  writer  that  he  prepare  a  more  simple 
and  cheaper  book  arranged  as  a  primer  or  textbook,  that  after  con-- 
siderable  thought  regarding  the  best  method  of  presentation  of 
fact  in  simple  language,  this  treatise  has  been  prepared.    This  is 
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complete  in  itself  but  can  be  supplemented  to  advantage  by  a 
general  course  of  reading  of  the  writer's  previous  work. 

The  arrangement  of  the  subject  matter  in  the  form  of  lessons 
consisting  of  questions  and  answers  has  been  followed  to  make  the 
book  suitable  either  as  a  home  educator  or  as  a  textbook  for  use  in 
schools.  Every  endeavor  has  been  made  to  arrange  the  contents 
logically  and  the  reader  is  brought  progressively  from  one  element 
of  the  car  to  the  next  relative  part  rather  than  in  the  spasmodic 
manner  usually  found  in  a  work  of  this  nature. 

A  number  of  the  lessons  were  specially  written  for  instructing 
classes  by  the  writer  when  he  was  associated  with  one  of  the  first 
automobile  schools  established  in  the  United  States.  They  were 
very  successfully  applied  in  teaching  the  mixed  classes  and  intel- 
lects found  in  schools  of  this  nature.  These  lessons  have  been 
simplified  and  brought  up-to-date  and  have  a  much  greater  value 
to  the  student  than  when  first  prepared. 

Entirely  new  illustrations  have  been  made  and  there  is  no  con- 
flict in  contents  between  this  and  the  writer's  other  work.  Either 
is  a  complete  exposition  of  the  subject,  and  this  can  be  used  to 
■advantage  in  connection  with  that  first  published  as  a  series  of  ques- 
tions for  review,  or  the  other  and  more  complete  work  may  be  used 
to  supplement  this  after  the  reader  has  grasped  the  rudiments  of 
automobile  construction  and  management  by  studying  the  lessons 
in  this  treatise.  The  arrangement  by  lessons  will  be  found  of 
value  to  those  teaching  automobile  classes  and  the  work  should 
prove  as  desirable  as  a  textbook  as  it  is  as  a  i^lf  educator  for  those 
that  cannot  get  their  knowledge  except  by  home  study. 

Attention  is  directed  to  the  completeness  of  this  work,  which 
includes  all  late  developments  in  automobile  engineering.  The 
exclusion  of  matter  of  purely  academic  value  or  of  interest  only 
from  a  historical  point  of  view  means  that  the  space  usually  devoted 
to  this  easily  obtained  class  of  matter,  which  has  long  been  public 
property,  is  devoted  to  a  consideration  of  driving,  maintenance  and 
repair  of  automobiles,  which  is  obviously  of  more  value  to  the 
reader. 

The  illustrations  have  been  selected  with  well  defined  objects 
In  view  and  while  simplified  somewhat  in  instances  in  order  to  make 
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them  more  easily  understood  by  the  non-mechanical  reader,  they 
are  as  accurate  as  relates  to  proportion  of  parts  as  the  best  engineer- 
ing drawings  and  all  represent  existing  mechanisms  which  are 
in  daily  use.  The  important  elements  to  which  attention  is  directed 
in  the  text  are  clearly  designated  by  arrows  and  named  in  the 
illustration,  so  the  main  object  of  making  them  intelligible  has  been 
attained  without  sacrificing  correct  proportion.  Any  suggestions 
from  readers  for  improving  this  work  and  calling  attention;to  errors, 
either  of  commission  or  omission,  will  be  welcomed  by  the  publisher 
and  the  author. 

This  treatise  has  been  entirely  revised  and  all  new  improve- 
ments in  automobile  engine  and  chassis  design  have  been  included. 
Attention  is  directed  to  the  new  lesson  on  electric  starting  and 
lighting  systems. 

VicTOE  W.  Pag£. 

Januaky,  1918. 
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LESSON  ONE 

THE  MODERN  GASOLINE  AUTOMOBILE  AND  ITS 

PRINCIPAL  PARTS 

Q.    What  is  an  automobile? 

A.  Any  form  of  wheeled  conveyance  propelled  by  a  prime  mover 
carried  by  it  as  an  integral  part  of  its  mechanism,  is  an  automobile. 
This  term,  however,  is  usually  applied  only  to  those  forms  of  self- 
propelling  vehicles  designed  to  replace  pleasure  vehicles  or  trucks 
formerly  drawn  by  horses.  The  steam  roller,  gas  traction  engine, 
steam  locomotive,  and  various  other  forms  of  self-propelling  machin- 
ery are  not  included  in  this  classification. 

Q.     Name  the  three  principal  types  of  automobile. 

A.  Three  forms  of  automobiles  have  been  generally  used,  these 
being  termed  steam,  electric  or  gasoHne,  according  to  the  nature  of 
their  power  plant.  Forms  of  cars  propelled  by  liquid  air  or  compres- 
sed air  have  been  tried  but  found  imsatisfactory. 

Q.    What  are  the  advantages  of  steam  power? 

A.  The  most  important  advantage  of  the  steam  engine  as  an 
automobile  power  plant,  is  that  it  is  extremely  flexible  and  is  capa- 
ble of  delivering  power  which  augments  directly  as  the  amount  of 
steam  admitted  to  the  cylinders  increases.  All  functions  of  the 
starting,  stopping,  reversing  and  speed  changing  may  be  obtained 
directly  by  throttle  control.  When  more  power  is  needed,  as  in  hill 
climbing,  the  throttle  is  opened  wider  and  more  steam  is  admitted 
from  the  boiler  to  the  cylinders,  thus  directly  increasing  the  engine 
power.  The  steam  automobile  has  disadvantages  that  offset  the 
good  features.  Among  these  may  be  mentioned  difficulty  in  start- 
ing promptly,  as  firing  up  is  necessary  in  order  to  generate  sufficient 
steam  to  run  the  engine;  use  of  naked  flame  under  the  boiler  which 
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introduces  an  undesirable  element  of  danger  from  fire;  constant 
attention  to  air,  water,  and  fuel  pumps;  necessity  of  maintaining 
proper  water  level  in  boiler  at  all  times;  frequent  replenishing  of 
water  supply  which  lasts  but  20  miles  as  a  rule,  and  excessive  use 
of  fuel.  It  will  be  seen  that  while  the  steam  car  is  simpler  to  control 
than  that  propelled  by  gas  power,  there  are  so  many  things  to 
watch  that  it  requires  constant  attention  on  the  part  of  the  operator 
to  keep  the  car  running  as  it  should. 

Q.    What  are  the  advantages  of  the  electric  car? 

A.  The  electric  motor  offers  many  advantages  as  a  source  of 
power  for  automobile  propulsion.  It  is  flexible  and  as  easily  con- 
trolled as  a  steam  engine,  because  the  electric  energy  used  is  drawn 
from  an  exterior  source  or  storage  battery  just  as  the  steam  is  drawn 
from  a  container  or  boiler  where  it  is  generated  and  stored  under 
pressure.  The  power  of  the  electric  motor  may  be  varied  by  altering 
the  amount  of  electricity  suppUed  to  the  windings.  The  electric 
automobile  can  be  started,  stopped,  reversed,  and  various  changes 
of  speed  obtained  by  the  simple  movement  of  a  controller  lever. 
The  electric  automobile  is  quiet,  clean,  easy  riding,  and  especially 
adapted  for  use  of  women  and  children. 

It  is  lacking  in  capacity,  however,  and  has  a  well  defined  radius  of 
action  which  is  determined  by  the  endurance  of  the  storage  battery 
which  supplies  the  electricity.  After  an  electric  automobile  is  oper- 
ated for  a  period  equal  to  traveling  a  distance  of  60  to  100  miles,  de- 
pending upon  the  type,  the  batteries  must  be  re-charged.  This 
means  that  the  electric  automobile  can  only  be  used  where  proper 
charging  facihties  are  available,  which  practically  confines  its  use  to 
the  larger  cities  and  towns  and  their  suburbs.  The  electric  automo- 
bile is  not  suitable  for  touring,  and  if  run  at  its  maximum  speed  for 
any  length  of  time,  the  batteries  are  soon  exhausted. 

Q.    What  are  the  advantages  of  gas  power? 

A.  The  internal  combustion  or  gasoline  engine,  as  it  is  commonly 
called,  because  of  the  fuel  generally  used,  has  some  disadvantages 
when  compared  to  steam  and  electric  power,  but  its  many  marked 
advantages  make  it  superior  to  either  of  these  types.  A  gas  engine 
may  be  easily  started  by  a  simple  quarter  turn  of  the  starting  crank 
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when  in  proper  condition,  and  is  as  easily  controlled  after  it  is  set  in 
motion  as  either  the  steam  or  electric  motor.  Modem  gasoline  auto- 
mobile engines  have  great  flexibility,  and  have  a  range  of  speed  from 
150  to  1,200  or  more  revolutions  per  minute,  by  simple  movement  of 
the  spark  and  throttle  control  levers. 

Once  the  gasoline  engine  is  set  in  motion,  it  requires  no  more  atten- 
tion from  the  operator,  and  it  will  continue  to  run  as  long  as  the  fuel 
supply,  lubricating  oil,  and  electrical  ignition  will  hold  out.  Its 
range  or  touring  radius  is  not  limited  by  conditions  which  make  it 
necessary  to  frequently  replenish  the  supply  of  water,  as  is  the  case 
with  the  steam  engine,  and  it  is  independent  of  the  central  charging 
statibn  on  which  the  electric  automobile  depends.  It  will  carry  fuel 
enough  in  a  tank  of  small  size  so  it  is  possible  to  go  several  hundred 
miles  without  a  stop,  and  then  this  is  only  a  stop  of  a  few  minutes 
duration  or  just  long  enough  to  refill  the  gasoline  and  oil  tanks. 

The  internal  combustion  motor  is  the  most  economical  form  to 
operate,  and  as  a  rule,  automobiles  equipped  with  this  form  of  power 
require  less  attention  than  either  steam  or  electric  automobiles. 
Some  of  the  disadvantages  advanced  against  the  gasoline  power 
plant  are:  lack  of  overload  capacity  which  necessitates  the  use  of 
change  speed  gears;  inability  to  reverse  engine,  which  means  that 
reversing  gearing  is  necessary  to  allow  the  automobile  to  run  back- 
ward; inability  to  start  engine  under  load,  which  means  that  a 
separate  clutching  mechanism  is  needed  so  the  motor  may  be  started 
independent  of  the  vehicle  and  to  permit  it  to  run  fast  enough  to 
develop  its  full  power  before  the  car  is  started.  Electric  motors  and 
steam  engines  start  as  soon  as  the  automobile  to  which  they  are 
fitted  does,  and  as  no  clutch  is  necessary,  they  may  be  directly  con- 
nected to  the  driving  wheels  by  some  form  of  positive  gearing.  Ow- 
ing to  its  lack  of  overload  capacity,  reduction  gearing  must  be  used 
whenever  a  gasoUne  car  is  made  to  climb  a  steep  hill,  whereas  the 
power  of  the  electric  or  steam  motor  may  be  increased  by  permitting 
more  energy  to  flow  from  the  container  where  it  is  stored  under  pres- 
sure to  the  motor,  thus  no  change  speed  gears  are  necessary  on  these 
types  of  vehicles.  The  disadvantages  mentioned  are  more  apparent 
than  real,  as  with  the  highly  developed  form  of  gasoline  engines  of 
the  present  day,  there  is  no  need  of  constant  gear  changing  or  speed 
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Fig.  1. — Chassb  of  the  Pleasure  Car  Type  Fitted  With  Various  Forms 

of  Delivery  Bodies.      A— Stake  Ptatform  Body.     B — Wre  Side 

Delivery.     C — Panel  Side  Delivery. 
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shifting,  and  practically  all  the  variations  of  apeed  that  are  desired 
on  average  highways  may  be  obtained  by  simply  manipulating  the 
throttle  lever  which  supplies  more  gas  to  the  engine.  The  speed 
changing  lever  is  left  in  its  direct  drive  position  and  is  not  moved  to 
the  lower  gear  ratio  except  when  starting  the  car  or  when  ascending 
steep  grades.  The  modern  gasoline  automobile  is  just  as  suitable  for 
city  work  as  either  the  steam  or  electric  cars  and  is  much  superior  as 
a  touring  conveyance. 


Q.    Into  what  classes  may  automobiles  be  divided? 

A.  The  two  main  classes  of  automobiles  are  pleasure  vehicles 
and  eommercia  cars. 

Q.     How  do  they  differ  from  each  other? 

A.  Pleasure  cars  generally  are  buiK  for  high  speed  and  are  much 
lighter  than  the  commercial  vehicles  which  must  carry  heavy  loads, 
In  a  pleasure  car  as  a  rule,  everything  is  sacrificed  to  speed  and  com- 
fort. In  a  commercial  vehicle,  the  parts  are  large  and  substantia! 
and  everythii^  is  designed  with  a  view  to  maximum  carrying  cap- 
acity and  minimum  operating  expense.  The  parts  of  automobiles 
are  the  same  in  general  principle,  whether  used  in  a  touring  car  or 
truck,  except  that  they  are  made  heavier,  and  of  greater  strength 
when  used  in  the  vehicle  carrying  the  greatest  loads.     Pleasure  cars 
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are  usually  mounted  on  pneumatic  tires,  as  air  filled  tires  are  called, 
while  motor  trucks  which  travel  at  slower  speeds  use  solid  rubber 
tires. 

Motor  trucks  may  be  divided  into  two  classes:  those  which  utilize 
chassis  patterned  after  pleasure  types,  but  fitted  with  delivery 
bodies,  as  shown  at  Fig.  1,  and  those  types  of  which  a  typical  ex- 
ample Is  shown  at  Fig.  2,  in  which  the  motor  is  carried  under  the 
driver's  aeat  and  where  the  general  design  is  such  that  the  chassis  can 
be  used  only  for  commercial  purposes.  There  are  classes  of  commer- 
cial cars,  such  as  taxicabs,  light  delivery  wagons,  ambulances  and 
vehicles  of  this  nature,  which  are  practically  pleasure  car  chassis 
fitted  with  forms  of  bodies  adapting  it  to  a  commercial  use. 

Q.    What  are  the  essential  elements  of  the  automobile? 

A.  The  principal  parts  of  automobiles  are  shown  at  Figs.  3,  4,  5, 
these  outlining  the  chassis  of  pleasure  cars  and  a  typical  truck.  The 
foundation  for  the  entire  mechanism  is  the  frame,  which  is  attached 
to  and  supported  by  springs  which  are  bolted  to  the  axles  on  which 
the  wheels  are  mounted.  The  power  p  ant,  which  consists  of  the  gas- 
oline engine  and  a  number  of  other  parts,  is  usually  carried  at  the 
front  end  of  the  frame,  where  it  is  housed  under  a  hood,  or  in  a  special 
compartment  under  the  body  where  it  can  be  easily  reached. 

The  clutch  and  gear  set  form  part  of  the  transmission  system,  as 
does  the  chain  or  propeller  shaft  used  to  transmit  the  engine  power 
from  the  change  speed  gearing  to  the  rear  axle.  A  steering  gear  by 
which  the  direction  of  car  is  controlled  and  levers  for  shifting  the 
change  speed  gears,  for  controlling  the  brake  and  for  operating  the 
spark  and  throttle  of  the  engine,  complete  the  chassis  assembly.  An 
automobile  may  be  said  to  consist  of  the  following  main  groups:  the 
power  plant;  the  clutch  and  change  speed  gearing;  the  power  trans- 
mission system;  the  supporting  frame  and  springs;  the  axle  and 
wheels;  the  controlling  elements;  and  the  load  carrying  or  body 
member.     (Figs.  4  and  5.) 

Q.    What  is  the  function  of  the  power  plant? 

A.  The  purpose  of  the  power  plant  is  to  generate  enough  power 
so  that  when  this  is  transmitted  to  the  rear  wheels  thru  the  medium 
of  suitable  reduction  gearing,  it  will  propel  the  vehicle. 
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Q.     What  does  the  power  plant  consist  of? 

A.  The  usual  gasoline  automobile  power  plant  consists  of  a  gas- 
oline engine,  a  carburetion  or  fuel  supply  group,  an  electrical  igni- 
tion system,  a  lubrication  system,  and  means  for  cooling  the  engine. 
(Figs.  6  and  7.) 

Q.    Name  functions  of  carburetion  group. 

A.  The  purpose  of  the  carburetion  group  is  to  supply  the  motor 
cylinders  with  an  explosive  gas. 

Q.    Name  parts  of  carburetion  group. 

A.  The  principal  parts  of  a  carburetion  group  are:  a  suitable 
tank  or  container  for  the  liquid  fuel;  piping  by  which  this  is  trans- 
fered  from  the  tank  to  the  carburetor  or  vaporizer  which  changes  the 
liquid  fuel  to  a  gas,  and  a  suitable  manifold  by  which  the  gas  from 
the  carburetor  is  supplied  to  the  motor  cylinder. 

Q.     Name  functions  of  ignition  system. 

A.  The  purpose  of  the  ignition  system  is  to  ignite  the  gas  or 
vapor  supplied  to  the  engine  cylinder  by  the  carburetion  group  and 
to  produce  power  by  exploding  this  gas  in  the  cylinder. 

Q.     Name  parts  of  ignition  system. 

A.  The  parts  of  the  usual  electrical  system  are:  some  source  of 
electrical  current;  wires  for  conveying  it  fro^n  the  current  producer 
to  a  switch  or  timer  which  regulates  the  time  the  electric  spark 
occurs  in  the  engine;  an  induction  coil  or  similar  apparatus  for  trans- 
forming current  of  low  potential  or  voltage  to  current  of  higher 
power  capable  of  producing  a  spark  in  the  cylinder  and  some  form 
of  spark  plug  which  is  placed  in  the  combustion  chamber  and  be- 
tween the  points  of  which  the  spark  that  explodes  the  gas  occurs. 
Some  ignition  systems  consist  merely  of  a  magneto  or  mechanical 
generator  which  incorporates  in  its  construction  the  necessary 
timing  and  current  intensifying  appliances  and  wires  leading  from 
this  device  to  the  spark  plugs  in  the  motor  cylinder. 

Q.     Why  is  a  lubrication  system  needed? 

A.  If  the  parts  of  the  power  plant  were  not  properly  oiled,  they 
would  wear  out  very  quickly,  and  in  fact  it  would  not  be  possible  to 
run  a  gasoline  eneine  for  any  length  of  time  witKout  supplying  oil  to     ^ 
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reduce  friction  between  the  piston  and  cylinder  and  the  other  bear- 
ings. 

Q.    What  does  a  lubrication  system  consist  of  ? 

A.  A  lubrication  system,  such  as  commonly  used  in  connection 
with  the  gasoline  engine,  consists  of  a  container  or  tank  in  which  oil 
is  stored,  some  form  of  pump  to  supply  the  oil  to  the  bearing  points, 
and  piping  to  convey  the  oil  from  the  container  to  the  pump,  and 
from  the  pump  to  the  motor. 

Q.    What  does  the  cooling  system  do? 

A.  As  the  power  of  a  gasoline  engine  depends  upon  exploding  gas 
in  its  cylinders,  it  would  soon  get  very  hot,  due  to  the  high  temper- 
ature produced  by  the  rapid  biu-ning  or  combustion  of  gas,  and  un- 
less it  was  cooled  in  some  manner  and  the  surplus  heat  extracted 
from  the  metal  of  which  the  cylinders  are  composed,  the  high  tem- 
perature existing  would  soon  produce  deformation  of  parts  and  would 
put  the  engine  out  of  commission. 

Q.     How  many  types  of  cooling  systems  are  used? 

A.  Automobile  power  plants  are  cooled  by  two  methods,  the 
simplest  of  which  is  to  direct  a  stream  of  air  from  a  fan  or  blower  on 
the  cylinders,  which  are  provided  with  flanges  to  increase  the  radiat- 
ing surface,  or  by  passing  water  thru  jackets  surrounding  the  cyl- 
inders and  afterward  cooling  this  water  by  passing  it  thru  a  radiator 
exposed  to  the  action  .of  a  cooling  current  of  air.  Engines  are  thus 
cooled  either  by  air  directly  applied  to  the  heated  metal  or  indirectly 
utilized  when  it  cools  the  water  which  has  absorbed  the  surplus  heat 
of  the  engine. 

Q.     What  is  the  purpose  of  the  clutch? 

A.  The  clutch  is  a  simple  form  of  easily  operated  coupling  whick 
makes  it  possible  to  run  the  engine  independently  of  the  rear  wheels 
when  desired. 

Q.     Why  is  change  speed  gearing  needed? 

A.  Change  speed  gearing  is  necessary  to  provide  easily  changed 
ratios  of  drive  between  the  engine  crank  shaft  and  the  rear  wheels  to 
suit  varying  road  conditions.  The  gears  that  give  reverse  motion  to 
the  car  are  also  usually  included  in  the  change  speed  gear  set. 
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Q.     How  is  power  usually  transmitted  to  the  wheels? 

A.  The  common  method  of  transmitting  power  from  the  gear  set 
to  the  wheels  is  by  means  of  a  shaft  and  universal  joints  to  a  pair  of 
bevel  gears  or  a  set  of  worm  gears  at  the  rear  axle  or  by  sprockets 
and  chain. 

Q.    What  are  the  features  of  chain  drive? 

A.  Power  transmission  by  chains  make  it  possible  to  obtain  vary- 
ing ratios  of  drive  very  easily  by  merely  altering  the  sizes  of  the 
sprockets,  and  provides  for  power  transmission  with  minimum  loss 
if  the  drive  is  solely  by  chain. 

Q.    What  are  the  advantages  of  enclosed  gear  drive? 

A.  Enclosed  gearing  may  be  kept  free  from  dirt  and  grit,  and  as 
protected  gears  may  be  operated  continually  in  a  bath  of  lubricant, 
they  are  not  only  quiet  in  operation,  but  are  very  enduring  and  effi- 
cient. 

Q.    Why  is  the  frame  needed? 

A.  The  frame  is  one  of  the  most  important  parts  of  an  automobile 
inasmuch  as  it  supports  the  power  plant  and  power  transmission 
mechanism,  forms  a  connecting  link  between  the  axles  and  the  ma- 
chinery, carries  practically  all  of  the  controlling  elements  and  power 
p  ant  auxiliaries,  and  serves  as  supporting  member  for  the  body 
which  carries  the  load  or  passengers. 

Q.     How  is  the  frame  supported? 

A.  The  frame  is  supported  by  and  attached  to  the  axles  thru  the 
medium  of  resilient  members  called  springs. 

Q.     How  do  the  front  and  rear  axles  differ? 

A.  The  front  axle  is  simpler  than  the  rear  and  is  used  only  for 
steering.  The  wheels  are  mounted  on  steering  knuckles  which  are 
attached  to  the  ends  of  the  dxle  and  which  may  be  moved  to  the 
angle  necessary  to  allow  the  wheels  to  follow  a  curve  when  going 
around  a  corner.  The  rear  wheels  are  attached  to  the  axles  in  such 
a  way  that  they  cannot  move  relative  to  the  axle,  except  to  turn 
around  with  them,  and  the  general  construction  of  the  rear  axle  on 
most  cars  includes  the  differential  and  drive  gearing. 
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Q.    How  is  the  automobile  steered? 

A.  A  hand  wheel  which  is  placed  convenient  to  the  driver  actu* 
ates  the  front  wheels  thru  suitable  gearing  and  links  and  is  used  to 
alter  the  position  of  the  wheels  for  steering. 

Q.     How  is  the  automobile  controlled? 

A.  An  automobile  is  controlled  as  far  as  its  direction  is  concerned 
by  the  steering  gear;  its  speed  may  be  varied  either  by  altering  the 
speed  of  the  motor  or  by  changing  the  ratio  of  the  gearing  by  means 
of  a  gear  shift  lever.  It  is  started  by  means  of  the  clutch  which  con- 
nects the  engine  to  the  rear  wheels  thru  the  medium  of  the  change 
speed  gearing,  and  it  is  stopped  by  suitable  brakes  or  retarding  mem- 
bers applied  to  the  rear  wheels  or  some  other  part  of  the  transmis- 
sion system  by  suitable  hand  or  foot  operated  lever 

Q.  How  many  types  of  automobile  wheels  are  generally 
used? 

A.  The  wheels  of  an  automobile  may  be  of  the  usual  wood  con- 
struction so  widely  used  on  horse  drawn  vehicles  changed  somewhat 
in  detail,  or  they  may  be  of  the  wire  spoke  form  similar  in  principle 
to  those  used  on  bicycles.  In  both  cases  it  is  obvious  that  the  con- 
struction is  changed  so  that  the  required  strentctb  is  obtained. 

Q.     How  many  forms  of  tires  are  used? 

A.  Automobile  tires  are  usually  composed  largely  of  rubber  and 
fabric,  and  may  be  of  the  pneumatic  or  inflated  type,  of  the  cushion 
form,  or  of  solid  rubber.  Some  very  heavy  commercial  vehicles 
have  used  wood  block  tires,  others  have  used  steel  or  iron  tires  just 
as  utilized  on  horse  drawn  vehicles. 

The  non-resilient  forms,  such  as  wood  blocks  or  steel,  are  not  suit- 
able except  on  very  heavy,  extremely  low  speed  trucks,  because  they 
are  not  easy  riding  enough  to  support  the  mechanism  without  undue 
vibration,  which  causes  rapid  depreciation  of  the  parts  comprising 
the  power  plant  and  power  transmission  members. 

Q.     What  are  the  principal  body  types? 

A  The  principal  body  types  fitted  to  pleasure  car  chasses  are 
shown  at  Fig.  8.  These  are  the  touring,  limousine,  landaulet  and 
berline.  A  roadster  body  is  outlined  at  Fig.  9,  while  the  coupe  form, 
which  is  usually  employed  to  replace  a  roadster  body  when  a  closed 
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car  is  desi  ed,  having  a  capacity  for  but  two  or  three  passengers,  is 
shown  at  Fig.  10.  Truck  bodies  vary  very  widely  according  to  the 
nature  of  the  work  they  are  intended  for.  The  simplest  form  is  a 
platform  without  sides,  then  stakes  may  be  added  to  this  platform 
body  or  various  forms  of  closed  wire  panel  delivery  bodies  or  ex- 
press wagon  types  fitted  to  the  chassis. 

.  Q.    What  are  automobile  bodies  made  of? 

jg  A.    P  easure  car  bodies  may  be  made  of  wood  or  metal.   Sometimes 

^      the  panels  are  o  sheet  steel  or  aluminum  attached  to  a  wooden  frame, 

J.      or  the  body  may  be  made  entirely  of  metal.    Motor  truck  bodies  are 

g      usually  made  of  wood  and  well  ironed  and  strengthened  by  braces 

and  angle  pieces  of  steel  or  iron.    The  floors  of  motor  trucks  are 

often  reinforced  with  strips  of  bar  steel  and  the  corners  are  provided 

with  corner  pieces  of  metal  where  they  are  liable  to  come  in  contact 

with  a  loading  platform. 

Q.    What  are  "torpedo  and  stream  line"  bodies? 

A.     It  is  now  common  practice  to  make  bodies  of  pleasure  cars 

^      designed  for  high  speed  of  such  form  that  air  resistance  is  reduced  to 

'      a  minimum.    This  is  accomplished  by  the  use  of  gradual  curves  and 

unbroken  sides.    The  name  torpedo  has  been  applied  to  this  form  of 

body  because  in  the  exaggerated  forms  they  resemble  a  projectile  of 

this  nature  on  wheels. 
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Q.     Under  what  conditions  is  air  resistance  noticed? 

A.     Air  resistance  is  of  little  moment  on  car  speeds  lower  than  30 

miles  per  hour,  but  as  this  rate  is  exceeded,  it  is  a  very  important 

factor  which  must  be  recognized,  and  the  amoimt  of  exposed  area  of 

the  car  which  will  offer  resistance  should  be  reduced  to  as  low  a 

point  as  possible.    The  amount  of  power  needed  to  overcome  air 

res  stance  varies  inversely  as  the  cube  of  the  speed.    This  means  that 

if  the  speed  of  the  car  is  doubled  the  power  needed  to  overcome  air 

resistance  at  half  that  speed  is  multiplied  by  eight.    For  instance,  if 

one  horsepower  is  absorbed  at  20  miles  per  hour,  8  horsepower  will 

be  required  to  overcome  the  air  resistance  present  at  40  miles  per 

hour.    It  is  for  this  reason  that  the  torpedo  body  has  been  evolved 

and  in  most  modern  cars  the  frontal  area,  which  means  the  number 
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of  square  feet  in  the  radiator,  dash,  wind  shield,  mudguards,  and 
other  parts  that  would  offer  resistance  to  motion,  is  kept  as  low  as 
possible. 

Q.    What  is  traction  resistance? 

A  It  takes  a  certain  amount  of  power  to  overcome  the  friction 
existing  between  the  wheels  and  the  ground  due  to  the  car  we^fht, 
and  to  produce  movement  of  the  vehicle.  This  is  known  as  traction 
resistance  and  depends  largely  upon  the  nature  of  the  road  surfaces, 
the  size  of  the  driving  wheels  and  the  type  of  tire  with  which  they  are 
fitted. 


Q,     What  is  the  resistance  of  grades? 

A.  When  an  automobile  is  climbing  a  hill,  it  must  lift  its  weight^> 
in  opposition  to  the  force  of  gravity,  which  exerts  no  retarding  in- 
fluence when  the  automobile  is  operated  on  the  level,  and  which 
really  accelerates  car  motion  when  the  automobile  is  descending  an 
incline.  It  requires  an  effective  effort  or  push  at  the  point  of  contact 
between  the  rear  wheels  and  the  ground  equal  to  one  per  cent  of  the 
car  weight  for  each  one  per  cent  increase  in  gradient. 

Q.     How  much  power  does  an  automobile  need? 

A.     The  amount  of  power  required  to  propel  an  automobile  de- 
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pends  upon  the  nature  of  service  for  which  it  is  intended.  A  high 
speed  car  of  comparatively  light  weight  may  require  more  power 
than  a  heavily  loaded,  slow  moving  truck.  An  automobile  that  is 
to  be  used  in  hilly  country  or  where  road  conditions  are  not  good, 
needs  more  power  than  a  machine  of  the  same  type  operated  under 
more  favorable  conditions.  This  is  a  point  that  is  hard  to  decide, 
and  no  general  rules  can  be  given.  If  an  automobile  has  too  much 
power,  it  will  use  an  excess  of  fuel  over  the  amount  actually  needed 
to  propel  the  vehicle  and  will  rack  itself  to  pieces  sooner  than  one 
that  is  lackiitg  in  power.  The  under-powered  car,  however,  usually 
performs  very  well  on  the  level  and  under  favorable  conditions,  but 
it  is  very  unsatisfactory  when  used  on  hills  or  bad  roads.  Much  de- 
pends upon  the  general  design  of  the  automobile,  and  the  efficiency 
of  the  power  transmission  and  driving  elements. 


J^ 
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■engers  Fitted  t 
What  is  the  usual  proportion  of  power  to  weight? 
Pleasure  cars  that  are  intended  for  touring  or  high  speed 
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Tfork,  usually  have  one  horsepower  for  each  60  pounds  car  weight. 
Medium  epeed  touring  cars  and  runabouts  usually  have  one  horse- 
power for  each  75  pounds  car  weight.  Delivery  wagons  designed  for 
speedy  service  usually  employ  a  power  plant  of  such  size  that  one 
horsepower  is  provided  for  each  100  pounds,  while  designers  of  heavy 
motor  trucks  that  operate  at  very  low  speeds  find  that  one  horse- 
power to  two  or  three  hundred  pounds  weight  is  adequate. 


LESSON  TWO 

ACTION  OF  THE  TWO  AND  FOUR-STROKE  CYCLE 

MOTORS 

Q.     Describe  the  operating  principle  of  the  gas  engine » 

A.  Powejr  is  obtained  in  a  gas  engine  by  exploding  some  combus- 
tible vapor  or  gas  in  a  closed  cylinder  which  is  provided  with  an  in- 
ternal yielding  member  moved  by  the  force  of  the  explosion.  The 
moving  member  converts  the  expansive  power  of  the  rapidly  burn- 
ing gases  to  mechanical  energy  by  suitable  leverage.  The  gas  en- 
gine is  a  form  of  heat  engine  just  as  the  steam  or  hot  air  motor. 

Q.     How  does  the  gas  engine  differ  from  the  steam  engine? 

A.  The  gas  engine,  while  it  embodies  some  of  the  main  elements 
used  in  a  steam  engine,  dififers  greatly  in  general  design.  The  cylinder 
is  provided  with  a  water  jacket  and  most  of  the  gas  engines  used  as 
automobile  power  plants  have  the  connecting  rod  attached  directly 
to  the  reciprocating  member  or  piston  in  the  cylinder  instead  of  to 
a  crosshead  as  used  in  a  steam  engine  Most  forms  of  steam  engines 
are  double  acting.  That  is  to  say,  the  steam  is  admitted  first  to  one 
end  of  the  cylinder,  and  then  to  the  other,  and  both  ends  of  the  pis- 
ton take  a  power  impulse.  All  gas  engines  used  in  automobiles  or 
similar  vehicles  are  single  acting,  which  means  that  the  expansion 
of  gas  that  produces  the  power  takes  place  in  the  upper  end  of  the 
cylinder  and  against  the  top  of  the  piston  only. 

The  power  of  a  steam  engine  can  be  increased  within  certain  lim- 
its by  augmenting  the  pressure  and  quantity  of  steam  supplied  the 
cylinder.  The  effective  force  obtained  by  the  explosion  of  gas  in 
a  gasoline  engine  attains  a  certain  maximum  volume  which  cannot 
be  increased.    It  is  possible  to  start  a  steam  engine  under  load, 

37 


38  Questions  and  Answers 

while  a  gasoline  engine  can  be  started  under  these  conditions  only 
by  means  of  some  mechanical  starting  arrangement  that  will  enable 
the  crank  shaft  to  be  turned  until  a  charge  of  gas  has  exploded  in 
the  cylinder.  A  steam  engine  starts  as  soon  as  steam  is  admitted 
to  the  cylinders.  A  gas  engine  as  used  in  automobiles  will  not  start 
unless  the  crank  shaft  is  rotated  by  a  starting  handle  or  some  other 
mechanical  equivalent.  .  A  steam  engine  is  an  external  combustion 
motor  while  the  gas  engine  is  an  internal  combustion  type. 

Q.     Define  "external"  and  "internal"  combustion. 

A.  External  combustion  means  burning  the  fuel  which  produces 
power  outside  of  the  cylinder  as  is  the  case  when  water  is  heated  in 
a  steam  boiler,  which  is  separate  from  the  steam  engine.  Internal 
•combustion  is  what  takes  place  when  the  gas  that  produces  the  heat 
from  which  power  is  obtained  is  burnt  or  exploded  directly  against 
the  piston  in  the  cylinder.  An  engine  which  depends  upon  the  in- 
ternal combustion  principle  is  more  efficient  than  an  external  com- 
iDustion  form  because  loss  of  heat  is  less. 

Q.     How  is  fuel  supplied  to  gas  engine  cylinders? 

A.  The  gas,  which  may  be  derived  from  the  burning  of  coal  in  a 
;gas  producer,  manufactured  by  the  usual  methods  of  making  illumi- 
nating gas  or  taken  from  natural  underground  sources  as  natural 
gas,  is  supplied  to  the  cy  inders  of  a  gas  engine  directly  from  the 
source  of  supply  through  the  medium  of  piping  which  leads  to  the 
•combustion  chamber  of  the  motor.  When  liquid  fuel  such  as  gas- 
oline or  kerosene  is  used,  it  is  first  transformed  into  a  gas  by  atom- 
izing or  spraying  a  small  quantity  of  the  liquid  into  an  entering 
charge  of  pure  air  which  changes  the  liquid  spray  to  a  vapor  that 
afterward  mixes  intimately  with  the  air  to  form  an  inflammable  gas. 

Q.  What  is  necessary  before  the  gas  in  the  cylinder  can  be 
exploded? 

A.  Before  exploding  the  gas  charge  it  is  customary  to  compress  it 
into  from  one-third  to  one-fifth  of  the  cylinder  volume.  A  charge  of 
gas  that  is  not  compressed  will  burn  comparatively  slow  and  will  not 
produce  much  power.  The  more  the  gas  charge  is  compressed  the 
^eater  the  force  of  the  explosions.  There  is  a  limit  to  the  amount 
of  compression,  because  if  kerosene  or  gasoline  vapor  pressure  is  in- 
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creased  over  120  lb.  per  square  inch,  it  will  be  exploded  by  the  heat 
derived  from  compressing  the  charge. 

Q.  What  is  the  difference  between  "explosion"  and  "combus- 
tion"? 

A.  The  difference  is  mere'y  a  matter  of  time,  as  an  explosion  is 
rapid  or  practically  instantaneous  combustion. 

Q.    Why.  does  expansion  of  gas  produce  power? 

A.  When  the  gas  charge  which  has  been  compressed  to  a  point 
ranging  from  60  to  90  lb.  per  square  inch  before  ignition  is  exploded 
its  tendency  is  to  expand  and  regain  the  volume  it  occupied  before 
compression.  As  the  increase  in  temperature  due  to  burning  pro- 
duces an  actual  increase  in  volume,  considerable  pressure  is  directed 
against  the  sides  of  the  container  in  which  the  gas  was  exploded. 
If  one  of  these  walls  is  a  yielding  member  it  will  be  forced  outward 
by  the  pressure  of  the  gas  which  ranges  from  300  to  400  lb.  per 
square  inch  if  the  charge  has  been  fired  normally,  and  even  higher 
than  this  if  the  charge  has  preignited,  or  exploded  before  the  proper 
time. 

Q.    What  are  the  main  elements  of  any  gas  engine? 

A.  The  main  elements  of  a  gas  engine  are  a  containing  chamber 
in  which  the  gas  is  exploded,  which  is  called  the  *^cylinder,"anda 
yielding  member  termed  the  ''piston''  against  which  the  force  of  the 
explosion  is  directed.  The  piston  is  joined  to  a  crank  shaft  by  means 
of  a  movable  link  called  the  connecting  rod  which  transforms  the 
reciprocating  or  back  and  forth  motion  of  the  piston  to  a  rotary  or 
turning  movement  of  the  crankshaft.    (Fig.  11) 

Q.     What  is  the  two-stroke  cycle  principle? 

A.  In  the  two-stroke  cycle  engine  the  piston  makes  but  two 
strokes  and  the  crankshaft  one  revolution  for  each  explosion  in  a 
single  cylinder  motor.  On  the  upward  stroke  of  the  piston  a  gas. 
charge  which  has  been  previously  transferred  to  the  interior  of  the 
cylinder  is  compressed  by  the  upward  movement  of  the  piston  and 
at  the  same  time  a  charge  of  fresh  gas  is  drawn  into  the  engine  base, 
due  to  the  suction  of  the  piston  as  it  moves  upward  in  the  cylinder. 
When  the  piston  reaches  the  top  of  this  stroke  the  gas  above  it  is 
compressed  ready  for  ignition  while  the  cylinder  and  crankcase  be- 
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low  it  are  also  filled  with  gaa.  The  electric  spark  takes  place  just  as 
the  piston  reaches  the  top  of  its  upward  movement  and  explodes  the 
gas  under  compression  in  the  combustion  chamber.  This  ex- 
plosion drives  the  piston  down  and  at  the  same  time  it  compresses 
the  charge  of  gas  in  the  engine  base. 

Just  a  little  before  the  piston  reaches  the  bottom  of  its  stroke  a 
port  in  the  cyhnder  wall  is  uncovered  by  the  pbton  and  the  burnt 
gases  escape.    When  the  greater  part  of  the  heat  of  the  exhaust  gas 


Fig.  12. — ^Two  and  Three  Port  Two-Cycle  Engines  Compared. 
A— Typical  Two-Port  Design  With  Automatic  Valve  in  Crank 
Case.  B — Conventional  Three-Port  Design  With  Charging  Port 
Controlled  by  Piston  Movement. 

has  been  disposed  of  the  piston  uncovers  another  port  on  the  oppo- 
site side  of  the  cylinder  which  communicates  with  the  engine  base 
interior  and  the  charge  of  fresh  gas  which  is  under  compression  at 
that  point  is  transferred  through  a  bypass  or  transfer  passage  from 
the  lower  part  of  the  piston  to  the  portion  of  the  cylinder  above  the 
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piston  top.  This  entering  stream  of  fresh  gas  strikes  a  deflector 
plate  interposed  between  the  inlet  and  exhaust  port  across  the  top 
of  the  piston  so  the  fresh  charge  of  gas  is  directed  to  the  upper  por- 
tion of  the  cylinder  instead  of  passing  out  through  the  now  fully 
opened  exhaust  port.  The  piston  is  moved  up  to  the  top  of  the  cylin- 
der agam  by  means  of  momentum  or  energy  stored  in  the  engine 
flywheel  and  operations  of  compressing  the  gas  above  the  piston  top 
and  chargmg  the  lower  portion  of  the  engme  base  with  gas  are  again 
effected.  When  the  piston  reaches  the  top  of  the  cylinder  the  gas 
is  again  exploded  and  this  cycle  of  operations  continues  as  long  as 
fuel  is  supplied  the  cylinder  and  a  spark  is  provided  to  ignite  it  at 
the  proper  time.    (See  Fig.  12.) 

Q.    What  is  the  four-stroke  cycle  principle? 

A.  The  four-stroke  cycle  engine,  commonly  termed  the  "Four 
cycle''  or  Otto  cycle,  differs  from  that  previously  described  in  that 
four  strokes  of  the  piston  are  necessary  to  obtain  an  explosion  in  the 
cylinder.  The  operation  of  this  form  of  engine  is  clearly  outlined  at 
Fig.  13.  The  first  stroke  of  the  piston  which  is  shown  at  A  is  a 
down  stroke  or  movement  from  the  closed  to  the  open  end  of  the 
cylinder.  During  this  suction  or  intake  stroke  a  vacuum  or  suction 
is  produced  in  the  cylinder  and  an  inlet  valve  member  opens  to  admit 
a  charge  of  gas  which  is  drawn  in  by  the  pumping  action  of  the 
moving  piston.  This  inlet  valve  remains  open  during  the  entire 
first  down  stroke,  and  closes  when  the  piston  reaches  the  end  of  its 
downward  movement. 

The  second  stroke  of  the  piston  is  depicted  at  B,  This  is  an  up- 
stroke in  which  the  piston  moves  from  the  open  to  the  closed  end  of 
the  cylinder.  The  intake  valve,  which  has  been  open  on  the  first 
stroke,  is  closed,  as  is  also  the  exhaust  valve  which  is  utilized  to  close 
the  passage  through  which  the  burnt  gases  are  expelled.  During 
this  upward  movement  the  charge  of  gas  which  has  been  previously 
drawn  into  the  cylinder  is  compressed.  At  the  end  of  this  stroke, 
an  electric  spark  takes  place  to  explode  the  gas. 

The  third  stroke  which  is  outlined  at  C  is  termed  the  "explosion 
or  power  stroke.''  In  this  the  piston  is  driven  down  by  the  expand- 
ing  gas  with  a  force  depending  upon  the  area  of  the  piston  top  and 
its  position  in  the  cylinder.     At  the  instant  of  combustion  a  pis- 
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Fig.  13. — Diagrams  lUustrating  Four-Cycle  Motor  Action. 
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ton  with  an  area  of  100  square  inches  will  receive  an  impulse  varying 
in  value  from  10  to  15  tons.  As  the  piston  goes  further  down  on  its 
stroke,  and  the  burnt  gases  expand  more,  the  pressure  becomes  re- 
duced to  a  point  where  the  gases  have  so  Httle  pressure  that  it  is 
better  to  dispose  of  them  than  to  take  further  advantage  of  their 
expansive  force.  ^    ;     i^ 

The  power  of  a  gas  or  gasoline  engine  is  usually  figured  on  a  basia 
of  mean  effective  pressure  of  80  to  100  lb.  per  square  inch,  which  id 
considered  as  existing  during  the  entire  stroke  of  the  piston.  When 
the  piston  reaches  approximately  seven-eighths  of  its  stroke  following' 
the  explosion,  the  exhaust  valve  is  raised  by  a  cam  member  and  the 
inert  gases  escape  through  the  open  exhaust  port  by  virtue  of  theii 
pressure.  The  next  stroke  of  the  piston  is  outlined  at  D  and  is  termed 
the  "exhaust''  or  scavenging  stroke,  and  it  is  devoted  exclusively  to 
clear  the  cylinder  of  the  burnt  gases.  These  are  pushed  out  by  the 
upward  movement  of  the  piston,  and  when  the  piston  reaches  the 
end  of  its  stroke  the  exhaust  valve  closes  and  the  inlet  valve  opens 
again  to  admit  a  fresh  charge  of  gas  during  the  suction  stroke. 

It  will  be  seen  that  in  a  four-cycle  engine  the  piston  must  make 
twice  a3  many  strokes  as  in  a  two-cycle.  This  is  because  all  the  work 
is  done  in  the  upper  portion  of  the  cylinder  and  by  the  piston  top. 
One  entire  piston  stroke  is  necessary  to  fill  the  cylinder,  and  a  full 
piston  stroke  is  devoted  to  clearing  the  cylinder  of  burnt  gas.  In  a 
two-cycle  engine,  these  two  operations  are  performed  at  practically 
the  same  time. 

Q.    Name  advantages  of  two-cycle  engine. 

A.  Owing  to  the  more  rapidly  occurring  series  of  explosions,  a 
two-cycle  engine  has  a  much  more  even  torque,  which  is  synony- 
mous to  more  uniform  power  application.  A  two-cycle  engine  is 
much  simpler  than  four-cycle,  as  in  its  simplest  form  it  comprises 
practically  only  the  essential  elements  absolutely  necessary  to  se- 
cure power  from  the  explosion  of  gas.  There  are  but  three  moving 
parts,  namely,  the  piston,  connecting  rod  and  crankshaft.  As  the 
ports  through  which  the  gas  enters  and  leaves  the  cylinders  are  opened 
and  closed  by  the  piston  the  use  of  valves  which  are  necessary  with 
s      a  four-cycle  engine  is  dispensed  with. 
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Q.  How  many  types 
of  two-cycle  engines  are 
used? 

A.  Three  mamtyi)es 
of  two-cycle  engines  are 
generally  used.  These  are 
the  two-port,  three-port 
and  differential  piston 
forms. 

Q.  What  is  a  two- 
port,  two-cycle  engine? 
A.  A  two-port  two- 
cycle  engine  b  shown  at 
Fig.  12  A.  In  this  form 
of  motor  the  gas  enters 
into  the  crankcase, 
through  a  passageway  in 
that  member,  which  ia 
closed  by  an  automatic 
valve  of  the  mushroom 
type.  It  is  called  a  two- 
port  engine  because  but 
two  ports  are  provided  in 
the  cylinder  walls.  One 
is  for  disposition  of  the 
exhaust  and  the  other 
permits  the  fresh  gas  to 
enter  the  cylinder.  Both 
of  these  ports  are  uncov- 
ered or  fully  open  when 
the  piston  reaches  the 
Fig.  14.— Sectional  View  of  Valve  Chest  of  bottom  of  its  stroke,  or 
the  De  Dion  Form  of  Single  Cylinder  when  approximately  in 
°  "'  the  position  shown. 

Q.     What  is  the  three-port,  two-cycle  engine? 
A.     The  three-port,  two-cycle  engine  is  so  called  because  there  are 
three  ports  in  the  cylinder  wall  instead  of  two.    One  of  these  ports 
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serves  as  a  means  for  gas  entrance  to  the  engine  crankcase  and  is 
fully  opened  only  when  the  piston  reaches  the  top  of  the  cylinder  or 
the  end  of  the  up-stroke.  The  other  two  ports  are  exactly  the  same 
in  location  and  perform  the  same  functions  as  do  those  in  the  two- 
port  engine.  The  three-port  is  the  simplest  form  and  is  a  truly 
valveless  motor,  inasmuch  as  the  two-port  engine  utilizes  an  auto- 
matic inlet  or  check  valve  to  prevent  the  gas  from  escaping  from  the 
crankcase  interior  when  the  piston  is  moving  down.  In  a  three-port 
engine  the  piston  wall  itself  covers  the  intake  or  charging  port  to 
which  the  carburetor  is  Bjttached  as  it  descends  on  its  power  stroke 
and  no  check  valve  is  necessary  in  the  engine  base. 

Q.     What  is  a  "differential"  piston^  two-cycle  engine? 

A.  This  form  of  motor  utilises  a  piston  which  has  an  enlarged 
lower  portion  so  that  it  is  virtually  a  double  member.  The  lower 
portion  of  the  cylinder  bore  is  enlarged  to  fit  the  larger  diameter  of 
the  piston  and  a  pumping  chamber  is  thus  formed.  The  inlet  gas  is 
drawn  into  this  chamber  and  compressed  therein  prior  to  transfer 
into  the  upper  or  working  end  of  the  cylinder  instead  of  into  the 
engine  base. 

It  is  claimed  that  it  is  easier  to  keep  a  pumping  chamber  of  cylin- 
drical form  tight  than  it  is  to  have  an  absolutely  tight  engine  base. 
As  the  bearings  of  the  ordinary  form  of  two-cycle  engine  wear,  a 
certain  amount  of  air  is  drawn  in  through  the  worn  bearings  and 
dilutes  the  mixture  in  the  crankcase  and  at  the  same  time  the  amount 
of  compression  which  insures  prompt  transfer  of  the  gas  charge  from 
the  engine  base  to  the  cylinder  is  reduced  because  of  this  leakage. 
In  a  differential  piston  engine,  piston  rings  are  depended  on  to  keep 
the  lower  piston  tight  in  its  pumping  cylinder  and  the  engine  oper- 
ation is  not  affected  by  bearing  depreciation. 

Q.    What  are  the  disadvantages  of  two-cycle  motors? 

A.  Two-cycle  motors  are  not  as  efficient  as  the  four-cycle  forms, 
because  it  is  practically  impossible  to  expel  the  burnt  gases  and  fill 
the  cylinder  with  fresh  gas  at  the  same  time  without  serious  mixing. 
The  dilution  of  the  fresh  gas  by  the  inert  burnt  products  reduces  its 
power  and  it  will  not  explode  as  readily  as  pure,  fresh  gas  will.    Then 
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Fig.  15.— Part  Sectional  View  of  Single  Cylinder  T  Head  Air-Cooled 

Tri-Car  Motor  of  English  Design. 

again,  a  certain  amount  of  the  fresh  charge  invariably  flows  out  of 
the  open  exhaust  port  before  this  is  closed  by  the  upwardly  moving 
piston.  The  two-cycle  engine  will  not  throttle  down  as  well  as  a 
four-cycle,  nor  will  it  attain  as  high  speeds.  Two-cycle  engines  are 
rather  sensitive  to  mixture  variations,  and  instead  of  developing 
twice  the  power  that  a  four-cycle  of  the  same  piston  displacement  or 
cylinder  dimensions  will  give,  they  only  deliver  about  1.5  times  the 
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power  and  uae  twice  as  much  fuel.  Two-cycle  eiigineB  are  not  as 
flexible  as  the  four-cycle  form  and  do  not  respond  as  readily  to 
throttle  control.  They  are  not  as  satisfactory  for  general  automo- 
bile service  as  four-cycle  engines  are,  and  have  not  received  very 
wide  application  as  automobile  power  plants. 

Q,    Where  are  two-cycle  engines  widely  used? 

A.  Two-cycle  en^nes  are  entirety  suitable  for  use  where  a  wide 
range  of  speed  variation  is  not  desired,  and  have  been  successfully 
applied  as  stationary  engines  and  motor  boat  power  plants. 


Fig.    16. — Simple  Two>Cylinder    Opposed    Water>Cooled  Motor. 

Q.  What  are  the  advantages  and  disadvantages  of  four-cycle 
engines? 

A.  When  a  four-cycle  engine  is  compared  to  the  two-cycle  form 
it  is  apparent  that  it  is  more  complicated,  inasmuch  as  it  has  many 
small  parts  that  are  liable  to  make  trouble  which  are  not  found  in 
a  two-cycle  motor.  At  the  other  hand  the  four-cycle  form  is  the  more 
flexible  tmd  economical  of  fuel,  as  a  full  stroke  of  the  piston  Is  de- 
voted to  charging  the  cylinder  with  gas  and  the  inlet  valve  closes 
as  soon  as  the  cylinder  is  filled,  so  there  is  no  opportunity  for  the 
fresh  gas  to  escape  or  to  become  diluted  with  exhaust  or  dead  gas. 
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An  entire  stroke  of  the  piston  and  part  of  the  power  stroke  ia  devoted 
to  clearing  out  the  burnt  gases  so  that  the  cylinder  of  a  four  cycle 
engine  b  more  thoroughly  scavenged  than  is  that  of  a  two-cycle 
motor.  A  four-cycle  engine  responds  readily  to  throttle  control  and 
itft  speeds  may  be  accelerated  from  a  few  hundred  revolutions  per 
minute  to  several  thousand  without  lack  of  uniformity  or  the  back- 
firing usually  present  when  a  two-cycle  engine  is  accelerated  too 
quickly.  A  four-cycle  engine  will  run  faster  than  the  two-cycle  form 
and  it  is  also  able  to  run  slower  when  the  supply  of  gas  is  reduced. 


Fig.  17.— Inlet  Side  of  Typical  Pour-Cylinder  Water-Cooled  Motor. 
Q.     How  many  cylinders  do  gas  engines  have? 
A.     Gas  enpnes  used  for  automobile  power  plants  usually  have 
four  or  six  cylinders.    Formerly  simple  types  of  one  and  two  cylinder 
motors  were  very  popular,  but  at  present  these  have  been  largely 
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displaced  by  the  multiple  cyliader  form.  Kacing  automobiles  have 
been  made  with  eight,  twelve,  and  sixteen  cylinders,  but  eight  cylin- 
ders have  been  the  greatest  number  ever  used  on  a  stock  touring  car. 

Q.     What  is  the  advantage  of  a  one-(;ylinder  engine? 

A.  The  main  advantage  of  a  single  cylinder  jnotor  is  that  of 
simplicity.  Practically  no  one-cylinder  automobiles  are  on  the 
market  at  the  present  time,  though  many  one-cylinder  cars  of  early 
vintage  are  still  giving  satisfactory  service, 


Q.  Why  are  multiple  cylinder  engines  superior  to  simple 
types? 

A.  Multiple  cylinder  engines  are  smoother  running  because  they 
deliver  power  more  uniformly  than  do  the  simple  one  and  two  cyli- 
der  engines. 

Q.  How  many  explosi<His  per  crankshaft  revolution  are  ob- 
tained with  various  forms  of  four-cycle  engine? 


^-^ 
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A.  The  crankshaft  of  a  single  cylinder  four-cycle  engine  will 
receive  one  impulse  every  two  revolutions.  That  of  a  two  cyhnder 
form  will  receive  an  impulse  every  revolution.  A  three  cylinder 
crankshaft  will  receive  three  impulses  in  two  revolutions  or  one  every 
two  thirds  crankshaft  revolution.  Four  explosions  are  obtained  for 
every  two  revolutions  of  a  four  cylinder  crankshaft  or  two  each 
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revolution.  Three  impulses  are  given  to  the  crankshaft  of  a  six 
cylinder  engine  per  revolution  and  that  of  an  eight  cylinder  motor 
receives  four  impulses  per  crankshaft  revolution.  It  will  be  apparent 
that  the  greater  the  number  of  cylinders  the  smoother  the  engine 
operation  will  be  because  the  crankshaft  receives  more  power  strokes 
in  a  unit  of  time.  A  two-cycle  motor  crankshaft  will  receive  twice 
as  many  impulses  per  revolution  as  that  of  a  four-cycle  engine 
having  the  same  number  of  cylinders. 

Q.     Are  five  or  seven  cylinder  engines  practical? 

A.  Five  cylinder  engines  of  the  conventional  form  having  five 
throw  crankshafts  have  been  made  and  have  operated  satisfactorily 
though  they  do  not  run  enough  smoother  than  a  four  cylinder  to 
warrant  their  replacing  this  type  of  standard  engine  and  at  the  same 
time  their  torque  is  not  equal  to  that  of  a  six  cylinder  engine,  so  they 
have  not  been  applied  to  automobile  service.  Any  number  of  cylin- 
ders that  will  go  into  360  evenly  can  be  utilized  in  conjunction  with 
a  crankshaft  having  the  same  number  of  throws  as  there  are  cylin- 
ders, and  these  cranks  may  be  arranged  so  that  the  explosions  will 
follow  each  other  evenly.  A  seven  cylinder  engine  cannot  be  made 
of  the  usual  form,  but  has  been  made  with  cylinders  revolving  around 
a  fixed  crank  for  aeroplane  use.  A  five  cylinder  revolving  engine  was 
formerly  utilized  as  a  power  plant  on  an  automobile  sold  in  limited 
numbers. 

Q.     What  is  the  limit  of  engine  weight  per  horse  power? 

A.  The  ordinary  automobile  power  plant  will  weigh  about  ten 
pounds  per  horse  power,  but  very  light  gas  engines  for  use  as  aero- 
plane power  plants  have  been  made  in  the  water  cooled  form  that 
weighed  less  than  five  pounds  per  horse  power  complete  and  in  the 
air  cooled  revolving  cylinder  forms  that  weighed  but  three  pounds 
per  horse  power.  Automobile  power  plants  have  been  improved 
greatly  in  recent  years,  as  25  or  30  pounds  per  horse  power  was  not 
considered  excessive  weight  when  the  first  gas  engines  were  applied 
to  automobile  service. 


LESSON  THREE 

PARTS  OF  GASOLINE  MOTOrC  AND  THEIR  FUNCTIONS 

Q.    What  are  the  part's  common  to  all  engines? 

A.  All  internal  combustion  engines,  regardless  of  type,  must  have 
the  following  parts:  Cylinder,  piston,  connecting  rod,  crankshaft, 
and  engine  base. 

Q.  What  additional  parts  are  used  only  by  four-cycle  en«- 
gincs? 

A.  In  addition  to  parts  previously  enumerated,  four-cycle  engines 
must  have  inlet  and  exhaust  ^^al^ee,' valve  operating  push  rods, 
valve  springs  for  closing  the  valves,  cams  to  open  them  and  gearing 
of  some  form  to  drivfe  the  camshaft  from  the  crankshaft.  (Se^ 
Fig.21.) 

Q.    What  is  the  cylinder  and  of  what  material  is  it  made? 

A.  The  cylinder  is  the  portion  of  the  engine  in  which  the  gases 
are  confined  prior  to  ignition  and  which  serves  as  a  guide  for  the 
piston  member  which  transmits  the  power  of  the  explosion  to  the 
crankshaft.  Cylinders  are  very  accurately  machined,  the  bore  being 
about  .005''  larger  than  the  piston  and  the  interior  walls  are  made 
straight  and  true  by  boring  and  grinding.  Cylinders  are  invariably 
made  of  cast  iron  of  special  mixture  because  this  material  withstands 
the  heat  better  than  any  other  and  is  easily  poured  into  moulds  in 
a  molten  condition  to  form  very  intricate  shapes  that  would  be  diffi- 
cult to  produce  commercially  Id  any  other  way. 

Q.    Where  is  the  combustion  chamber? 

A.    The  combustion  chamber  is  at  the  upper  end  or  closed  por- 
tion of  the  cylinder.    (Fig  21.) 
.  Q.     How  are  cylinders  cast? 

A.  Cylinders  may  be  cast  individually,  in  pairs,  or  in  blocks  of 
three,  four  or  six.  ' 
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_.  i.^. — Outlining  Parts  of  Two-Cvcle  Motor  and  Also  Showing  the 
Members  Necessary  to  Secure  Action  of  a  Four-Cycle  Motor  that 
Are  Eliminated  in  the  Two-CycIe  Forms. 
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56  Questions  and  Answers 

Q.    What  is  the  water  jacket? 

A.  The  water  jacket  is  a  wall  surrounding  the  cylinder  castings 
and  separated  from  the  cylinder  wall  by  a  space  through  which  water 
is  circulated  around  all  portions  of  the  cylinder  that  are  liable  to 
become  unduly  heated  while  the  engine  is  in  operation. 

Q.     How  is  it  attached  to  the  cylinder? 

A.  The  water  jacket  is  usually  incorporated  as  part  of  the  cylin- 
der by  casting  it  integral.  The  spaces  through  which  the  water 
circulates  are  formed  by  the  use  of  cores  made  of  sand  which  separ- 
rate  the  two  walls  until  the  molten  metal  which  has  been  poured 
around  and  between  the  cores  has  had  a  chance  to  cool.  When  the 
casting  is  removed  from  the  mould  the  sand  is  taken  out  of  the  water 
jackets  and  leaves  a  space  through  which  water  can  circulate. 

Q.     Are  cylinders  ever  made  without  jackets? 

A.  Some  forms  of  water  cooled  cylinders  are  cast  without  the 
water  jacket  which  is  afterward  applied,  either  by  an  electro-depo- 
sition process  or  by  fastening  a  sheet  metal  water  jacket  to  suitable 
flanges  on  the  cylinder  by  screwing  it  in  place,  by  brazing  or  hard 
soldering  it  or  by  any  other  suitaBIeTbechanical  means. 

Q.     What  is  the  valve  chamber? 

A.  The  valve  chamber  is  a  projecting  portion  of  the  cylinder  in 
which  the  valves  are  placed  that  control  the  gas  flow  in  or  out  of  the 
combustion  chamber  and  to  which  the  inlet  and  exhaust  manifolds 
are  attached.       ^ 

Q.     Where  is  it  placed  on  the  cylinder? 

A.  The  valve  chainber  may  be  placed  at  one  side  of  the  cylinder 
and  of  sufficient  size  for  both  valves  or  two  valve  chambers  may  be 
utilized,  one  placed  at  each  side  of  the  cylinder  head  and  carrying  only 
one  valve.  When  cylinders  are  cast  in  pairs  and  a  valve  chamber  is 
used  on  but  one  side  there  is  room  enough  for  four  valves.  But  when 
two  valve  chambers  are  utilized  each  need  only  be  large  enough  to 
provide  accommodation  for  two  valves.  Valve  chambers  are  some- 
times made  in  the  form  of  separate  castings  which  are  attached  to 
the  top  of  the  cylinder  or  the  valves  may  be  housed  in  cage^  which 
are  inserted  directly  into  suitable  openings  made  to  receive  them  in 
the  cylinder  head.    (See  Figs.  21,  23,  25,  26.) 
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Q.     What  is  the  cylinder  head? 

A.  The  cylinder  head  is  the  name  generally  given  to  the  upper 
or  closed  end  of  the  cylinder. 

Q.     Name  two  methods  of  constructing  cylinder  heads. 

A.  Cylinder  heads  may  be  a  separate  casting  attached  to  the 
cylinder  member  by  bolts  or  they  may  be  formed  integrally  with  the 
cylinder  during  the  casting  process.  The  latter  is  the  conventional 
method. 

Q.     What  are  the  advantages  of  individual  cylinders? 

A.  It  is  claimed  that  individual  cylinders  are  simpler  to  form  at 
the  foundry,  easier  to  handle  in  the  machine  shop  and  that  they  are 
more  cheaply  replaced  in  event  of  damage  than  where  cylinders  are 
cast  in  a  block.  With  some  form  of  engines  it  is  possible  to  use  only 
individual  cylinder  castings.  This  is  true  of  the  two  cylinder  op- 
posed form,  engines  having  mechanically  applied  sheet  metal  water 
jackets  and  air  cooled  engines.    (Fig.  26 ) 

Q.     What  are  the  advantages  of  block  castings? 

A.  Block  castings,  in  which  three  or  more  cylinders  are  cast 
together,  not  only  make  a  shorter  and  more  compact  cylinder  as- 
sembly possible,  but  produce  a  stronger  engine  because  the  cylin- 
der block  actually  reinforces  the  engine  base.  With  unit  castings 
of  the  individual  type  the  engine  is  longer  and  the  ci'ankcase  must 
be  made  heavier  in  order  to  secure  the  proper  degree  of  strength. 
(Fig.  27.) 

Q.    What  are  the  valves? 

A.  The  valves  are  members  that  control  the  ports  through  which 
the  gases  enter  and  leave  the  combustion  chamber. 

Q.     Name  two  types  of  valves. 

A.  Valves  are  either  automatically  or  mechanically  operated 
and  may  be  of  the  conventional  mushroom  or  poppet  valve  type  or 
of  the  sleeve,  slide,  piston,  ring  or  rotary  disc  forms. 

Q.     Can  automatic  valves  be  used  for  exhaust? 

A.  Automatic  valves  cannot  be  used  for  exhaust  because  they 
can  only  open  when  there  is  a  partial,  vacuum  in  the  cylinder  or  when 
the  pressure  in  the  cylinder  is  less  than  that  of  the  outer  air.    Auto- 
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Fig.  24. — Sectional  View  Throggh  Cylinder  and  Crankcaie  of 
Piercc-Airow  T  H«ad  Motor. 
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matic  valves  cannot  be  used  except  for  letting  in  a  charge  of  fresh 
gas  as  they  will  only  open  during  the  suction  stroke  of  the  piston. 

Q.     Why  must  exhaust  valves  be  mechanically  operated? 

A.  Exhaust  valves  must  be  mechanically  operated  because  they 
are  forced  to  open  against  the  pressure  of  the  bmut  gas  in  the  cylin- 
der which  may  be  three  or  four  times  that  of  the  atmosphere. 

Q.     Where  are  valves  placed  as  a  rule? 

A.  Conventional  practice  is  to  place  the  valves  in  pockets  or 
valve  chambers  at  one  or  both  sides  of  the  cylinder  castings.  They 
are  commonly  placed  so  that  when  opened  the  entering  fresh  gas 
stream  will  flow  directly  into  the  combustion  chamber  or  so  the  ex- 
haust gas  will  find  a  free  passage  to  the  outer  au-. 

Q.     Describe  the  three  common  methods  of  valve  placing. 

A.  The  three  common  methods  of  valve  placing  are  at  the  top 
of  the  cylinder  opening  inward,  all  valves  at  one  side,  or  half  on  one 
side  and  the  remainder  on  the  other.  In  some  engines  one  valve  may 
be  placed  at  the  top  of  the  cylinder  while  the  other  is  carried  in  a 
side  pocket. 

Q.     How  are  valves  operated? 

A.  Valves  are  usually  operated  by  means  of  push  rods  which 
are  actuated  by  revolving  cams.  The  method  of  valve  operation 
depends  upon  its  placing  in  the  cylinder.  If  placed  in  a  pocket  at 
the  side  it  may  be  operated  directly  by  means  of  a  movable  p  un^er 
interposed  between  the  cam  and  the  valve  stems.  If  placed  in  the 
cylinder  head  it  is  usually  actuated  by  a  push  rod  and  centrally 
fulcrumed  lever  which  changes  the  upward  movement  of  the  valve 
plunger  to  a  downward  movement  of  the  valve  stem.    (See  Fig.  29.) 

Q.     What  is  the  advantage  of  L  head  construction? 

A.  It  is  claimed  that  greater  compactness  is  obtained  by  placing 
all  valves  on  one  side  of  the  engine  and  that  the  piping  is  more 
easily  installed.    (Figs.  23  and  27.) 

Q.    What  is  the  advantage  of    T    head  construction? 

A.  Carrying  the  valves  on  both  sides  o.  the  cylinder  makes  it 
possible  to  use  larger  valve  members  and  ports  of  greater  area  for 
the  passage  of  the  gases.    (Fig,  24.) 
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Q.  What  is  the  advantage  of  "valve-in-the-head"  construe- 
tion? 

A,  When  the  valves  are  placed  so  that  they  open  directly  into 
the  combustion  chamber  it  is  possible  for  the  gases  to  flow  with  less 
friction  cm  account  of  the  direct  passages  and  a  combustion  chamber 
is  provided  which  has  greater  efficiency  as  regards  heat  losses  than. 
either  the  "L"  or  "T"  form.    (F^.  25  and  26.) 

Q.  What  determiDe» 
sizes  of  valves  ? 

A,  Yalvesizes  arede- 
termined  by  the  cylinder 
volume  and  by  the  speed 
at  which  the  engine  op- 
erates. High  speed  en- 
gines require  larger  dia- 
meter valves  in  propor- 
tion to  the  cylinder  bore 
than  do  low  speed  en- 
gines. The  form  of  the 
csm  and  shape  of  the 
valve  head  also  have  a. 
bearing  on  the  size  of 
the  valve. 

Q.  Name  forms  of 
mushroom  valves^ 

A.  Mushroom  valves, 
may  have  either  a  flat 
seat(Fig.  28)orabeveled 
seat  (Fig.  30) .  They  are 
usually  a  one-piece  con- 
struction and  are  machined  from  a  forging  of  nickel  steel.  Some- 
times the  head  is  of  one  material,  such  as  a  35%  nickel  steel, 
electrically  welded  to  a  carbon  steel  stem.  Valves  are  sometimes 
made  with  a  head  of  cast  iron  which  is  attached  to  the  steel  stem 
by  riveting  the  end  of  the  stem  over  after  the  cast  piece  is  forced 
on  the  upper  end. 
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Wig-  26A.— Cyfinder  Pair  of  Knox  Engine  With  Valves-tn-tbe-Head. 

Q.     Are  other  forms  of  valves  practical  ? 

A.  A  number  of  other  forms  of  valves  have  been  developed  re- 
ceotly  that  differ  radically  from  the  mushroom  form.  These  have 
given  satisfactory  service  in  some  instances. 
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Fig.  28.— Tjrpical  Flat  Seat  Valve  and  Spring. 

Q.     Name  the  other  systems  of  valve  construction. 

A.  The  other  forms  of  valves  that  have  been  evolved  to  replace 
tbe  poppet  type  usually  ccnsist  of  some  rotating  or  sliding  member 
that  uncovers  ports,  through  which  the  gases  pass. 

Q.     What  is  the  Knight  engine? 

A.     The  Kn'ght  engine,  whch  is  illustrated  at  F'gs.  31  and  32, 
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Fig.  29. — Conventional  Methods  of  Operating  Internal  Combnstion 
Motor  Valves.  A — Valve  Actuated  1^  Rocker  Lever  and  Tappet 
Rod.    B — Valve  Operated  b:^  Simple  Plunger  Resting  on  the  Cam. 

operates  on  the  four-cycle  principle  and  has  two  sliding  sleeves 
which  are  placed  inside  the  cylinder  and  interposed  between  the 
cylinder  wall  and  the  piston.  These  are  given  an  up  and  down 
movement  by  small  connecting  rods  attached  to  the  sleeve  at  one 


Pails  of  Gasoline  Motors 


67 


end  and  a  small  auxiliary  crankshaft  at  the  other  These  sleeves 
uncover  ports  which  are  formed  in  the  cylinder  walls. 

Q.     What  are  rotary  valves? 

A.  Rotary  valves  are  forms  in  which  the  ports  in  the  combustion 
chamber  are  opened  by  a  revolving  cyi  nder  or  disc  at  a  certain 
portion  of  its  revolution. 

Q.  Describe  action 
of  typical  rotary  valve. 

A.  The  Mead  rotary 
valve  motor  utilizes  a 
cylinder  of  metal  placed 
at  the  side  of  the  com- 
bustion chamber  and 
drivenat  one-quarter  the 
crankshaft  speed  by 
means  of  silent  chain 
gearing.  One  of  these 
cylinders  is  carried  at 
each  side  of  the  cylinder 
blocks,    one    serving   to 

admit  the  gases  into  the  combustion  chamber,  the  other  to 
provide  means  for  their  discharge.  The  operation  of  this  orm  of 
valve  is  very  simple.  A  series  of  slots  are  mach  ned  in  the  revolvir^ 
valve  member  and  at  the  proper  points  in  the  cycle  of  operation 
these  register  with  suitably  formed  ports  in  the  combustion  chamber 
and  manifold  respectively.    (Figs.  33,  35.) 

Q.     What  are  piston  and  ring  valves? 

A.  In  ■  ome  engines  a  sliding  member  or  piston  is  used  to  uncover 
porta  in  the  cylinder  walls  as  shown  at  Fig.  36  A  or  a  reciprocating 
ring  may  perform  the  same  function  as  in  the  Sphinx  motor  depicted 
at  Fig.  37. 

Q.     What  is  a  simple  rule  for  size  of  inlet  valve  ? 

A.  The  effective  area  of  a  valve  port  when  the  valve  is  fully 
opened  should  be  a  little  greater  than  the  size  of  the  passage  of  pipe 
through  which  the gasesenter  the  cylinder.  The  sizeoftheintake  pas- 
sage as  determinedin  usual  engine  practice  may  be  found  as  fol  ows: 
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Fig.  31. — End   Section   of   Knight    Engine   Showing   Sliding   Sleeves 
Which  Replace  Poppet  Valves  for  Controlling  Gas  Passages. 

1.  The  diameter  of  the  passage  is  equal  to  that  of  the  piston  mul- 
tiplied by  .30  on  slow  speed  engines  and  by  ,40  on  high  speed  motors. 
2.  The  area  of  the  inlet  passage  is  equal  to  one-eighth  the  area  of 
;he  piston.  3.  Intake  passage  area  should  equal  area  of  piston  mul- 
;iplied  by  tbe  speed  of  the  pbton  in  feet  per  minute  and  then  divided 
ly  5000. 
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Q.     Name  simple  rules  for  size  of  exhaust  ports. 

A.  Usually  the  diameter  of  the  exhaust  port  equals  that  of  the 
piston  multiplied  by  .35  on  low  speed  engines  and  .50  on  high  speed 
engines.  The  area  of  the  exhaust  passage  should  equal  that  of  the 
piston  multipHed  by  the  speed  and  divided  by  5000  as  a  minimum. 

Q.  Wlien  should  the 
inlet  valve  open  ? 

A.  The  inlet  valve 
should  open  from  ten  to 
fifteen  degrees  crank 
travel  after  the  piston 
leaves  its  innermost 
position  in  the  cylinder. 

Q.  W^hen  should  the 
inlet  valve  close  ? 

A.  The  inlet  valve 
closes  from  fifteen  to 
thirty-five  degrees  after 
the  piston  starts  to  go 
up  on  its  compression 
stroke. 

Q.     What  is  meant 
by  valve  lead? 

A.  If  a  valve  opens 
before  the  piston  starts 
on  the  stroke  corres- 
ponding to  valve  opening,  the  valve  is  said  to  open  early  or  to  have 
lead. 

Q.    What  is  meant  by  valve  lag? 

A.  If  a  valve  opens  late  or  remains  open  after  it  is  theoretically 
supposed  to  close,  it  is  said  to  have  lag. 

Q.     When  should  exhaust  valve  open? 

A.  The  exhaust  valve  usually  opens  about  45  degrees  as  indi- 
cated by  crank  travel  before  the  piston  reaches  the  end  of  its  power 
stroke.    In  this  case  the  exhaust  valve  has  a  lead  of  45  degrees. 


Fig.  33.— Sectional   View  of  Cylinder  Utiliz- 
ing Mead  Rotary  Valve. 
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Q.    When  should  the  exhaust  valve  close? 
A.    The  exhaust  valve  is  usually  allowed  to  lag  abtxit  10  degrees 
after  the  piston  reaches  the  end  oS  its  scaveuging  stroke. 

Q.  What  is  the  act- 
ual duration  of  inlet 
stroke  ? 

A.  The  period  during  ■ 
which  the  inlet  valve  re- 
mama  open  varies  ac- 
cording to  the  lag  at  the- 
time  of  opening  and  clos- 
ing. If  the  valve  opens 
15  degrees  late  and  closes 
35  degrees  after  the  pis- 
ton has  started  up  on 
its  compression  stroke  it 
has  remained  open  a  pe- 
riod equal  to  200  degrees 
crankshaft  travel.  If  rt 
opens  promptly  on  top 
center  and  closes  on  bot- 
tom center  it  would  only 
remain  open  a  period 
equal  t  o  180  degrees 
crank  travel  or  half  a 
revolution  of  the  fly- 
wheel. 

Q.  What  is  the  act- 
ual duration  of  exhaust 
stroke  ? 

A.  The  exhaust  valve  usually  remains  open  a  period  equal  to  a 
crank  travel  of  235  degrees. 

Q.     Why  is  exhaust  valve  opened  early? 

A,  The  exhaust  valve  is  opened  before  the  piston  reaches  the 
bottom  of  its  power  stroke  becausethe  gas  contained  in  the  cylinder 
has  considerable  pressure  and  will  tend  to  fly  out  of  the  cylinder 
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Fig.  35. — Outlining  Action  of  Mead  Rotary  Valve  Motor.  A — Exhaust 
Valve  Just  Closed,  Intake  Valve  Just  Opening,  Piston  at  Begin- 
ning of  Suction  Stroke.  B — Piston  at  Bottom  of  Stroke,  Inlet 
Passage  Just  Closing.  C — Piston  at  End  of  Compression  Stroke, 
Both  Valves  Closed.  D — Piston  at  Bottom  of  Explosion  Stroke, 
Exhaust  Passage  Fully  Opened. 


because  of  its  pressure  even  before  the  piston  starts  going  up  on 
a  scavenging  stroke.  It  is  necessary  to  give  this  lead  to  exhaust  on 
the  high  speed  engines  used  as  automobile  power  plants  in  order  to 
insure  thorough  clearing  of  the  cylinder  by  taking  advantage  of  the 
pressure  of  the  exhaust  gases. 


Parts  of  Gasoline  Motors 


7S 


Q.     Why  is  valve  lag  desirable? 

A.  When  the  piston  reaches  the  top  or  bottom  of  its  stroke,  there 
is  an  appreciable  period  measured  in  degrees  as  the  crank  swings 
over  its  center  position  where  the  piston  movement  relative  to  the 
crank  travel  is  comparatively  small.  If  the  valves  are  kept  open 
during  thb  period,  more  gas  can  enter  or  leave  the  cylinder  than 
would  be  the  case  if  the  valve  closed  promptly  when  the  pbton 
reached  the  top  of  its  stroke.  The  rapidly  moving  gas  acquires  a 
certain  momentum  which  is  taken  advantage  of  by  keeping  the  valve 
open  as  long  as  possible. 


Fig.  36. — Outlining  Construction  of  Piston,  and  Slide  Valve  Motors  of 
European  Origin.  A — Recipro eating  Piston  Controls  Inlet  and 
Exhaust  Passages.  Note  Peculiar  Valve  Actuating  Mechanism. 
B — Slide  Valve  Operated  by  Face  Cam  Driven  From  Motor  Crank 
Shaft  by  Bevel  Gears. 

Q.     How  can  one  time  valves  easily? 

A.  A  very  simple  method  of  valve  timing  is  outlined  at  Fig.  39 
which  shows  the  manner  in  which  the  various  points  at  which  valves 
open  and  close  are  indicated  on  the  face  of  the  flywheel  rim.  All 
■circles  may  be  divided  into  360  parts.    Each  of  these  parts  is  called 
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ft  degree.  If  the  diameter  of  the  flywheel  is  known  its  circumference 
can  be  obtained  by  multiplying  the  diameter  in  inches  by  3.1416. 
If  the  circumference  is  then  divided  by  360  the  distance  or  portion 
of  the  flywheel  circumference  equivalent  to  one  degree  may  be  easily 
computed.    The  first  operation  is  to  bring  the  piston  in  one  of  the 
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cylinders,  usually  that  of  the  first  or  fourth,  to  its  uppermost  posi- 
tion at  the  end  of  the  compression  stroke.  A  point  is  then  indicated 
on  the  flywheel  which  will  register  with  the  vertical  center  line  of 
the  engine.  This  indicates  the  firing  point  for  two  of  the  cylinders 
of  a  four  cylinder  engine,  though  obviously  one  fires  during  one  rev- 
olution of  the  flywheel,  while  the  other  explodes  a  complete  revolu- 
tion after.  In  the  example  indicated  the  flywheel  is  18"  in  diameter. 
A  crank  travel  of  15  degrees  is  equal  to  23^"  measured  on  the  fly- 
wheel circumference.  Forty-five  degrees,  which  is  the  lead  of  the 
exhaust  valve,  is  equivalent  to  a  distance  of  7)^",  The  lag  of  inlet 
closing  or  35  degrees  is  equal  to  a  distance  of  5J-^"  while  the  lag  of 
exhaust  closing  or  10  degrees  is  equal  to  1^".     It  will  be  evident 


Pig.  38. — Side  Sectional  View  of  Sphinx  Motor  Showing  Peculiar  An- 
nular Exhaust  and  Intake  Passages  and  Ring  Valve  Controlling 
the  Admission  and  Expulsion  of  Gas, 
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that  the  valves  may  be  timed  to  open  and  close  very  accurately  if 
the  engine  flywheel  is  provided  with  the  proper  marks  and  a  suitable 
trammel  or  other  indicator  is  placed  on  the  engine  base  to  indicate 
the  center  line  of  the  engine. 

Q.    What  is  the  camshaft? 

A.  The  small  auxiUary  shaft  that  carries  the  valve  lifting  cams 
and  usually  runs  parallel  with  the  crankshaft  and  which  is  driven 
by  that  member  is  called  the  camshaft.  Some  engines  have  but  one 
camshaft,  which  carries  the  cams  utilized  in  operating  both  inlet 
and  exhaust  valves.  The  "L"  type  cylinder  engine  needs  but  one 
camshaft  while  the  power  plant  provided  with  ''T"  head  cylinders 
needs  two  camshafts,  one  at  each  side  of  the  motor.  (Figs.  23 
and  24.) 


INLLT  \//^LVL  OF£NS. 


INLET  V/JLVE  CLOSES. 


Fig.  40. — Showing  the  Time  of  Opening  and  Closing  of  Inlet  Valve 

Relative  to  Crankshaft  Travel. 
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Fig.  41, — Outlining  Position  for  Opening-  and  Closing  Exhaust  Valves. 
Q.     How  is  the  camshaft  driven? 

A.  The  camshaft  may  be  driven  by  means  of  gearing  as  shown  at 
Fig.  42  or  by  silent  chains  as  outlined  at  Fig.  43. 

Q.     At  what  speed  is  the  camshaft  driven? 

A.  The  camshaft  of  a  four-cycle  engine  is  always  driven  at  half 
the  engine  speed  and  always  by  positive  gearing. 

Q.     What  is  a  cam? 

A.  A  cam  is  a  cylinder  of  metal  having  a  raised  portion  at  one 
point  on  its  periphery. 

Q.     What  is  the  difference  between  inlet  and  exhaust  cams? 

A.  The  difference  between  inlet  and  exhaust  cams  is  in  the  cam 
profile  as  the  member  intended  to  lift  the  exhaust  valve  has  a  longer 
dwell  or  larger  and  longer  raised  portion  because  the  exhaust  valve 
is  kept  open  longer  than  the  inlet  member. 
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Q.     How  are  cams  attached  to  the  camshaft? 

A.  The  cama  may  be  separate  forgings  assembled  on  a  piece  of 
straight  shaft  and  held  from  turning  by  means  of  keys  and  taper 
pins  driven  through  both  cam  and  shaft.  Or  they  may  be  formed 
integrally  with  the  camshaft  by  either  a  for^ng  or  machinery 
process. 

Q.    How  do  cams  raise  the  valves? 

A.  The  point  of  a  cam  raises  the  valve  stem  through  the  medium 
of  a  plunger  or  cam  follower  which  rides  on  the  cam  and  follows  the 
profile.  As  will  be  seen  at  Fig.  44,  when  the  point  of  the  cam  is  not 
in  contact  with  the  roller  on  the  valve  operating  plunger,  that  member 
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Fig.  43.- 


projects  down  and  is  nearly  in  contact  with  the  circular  portion  of 
the  cam  profile.  Aa  soon  as  the  projection  moves  around  so  that  it 
hits  the  roller,  that  member  ia  raised  and  rides  over  the  projecting 
nose  of  the  cam,  thereby  raising  the  valve  plunger  and  the  valve  that 
it  operates. 

Q.     What  is  the  best  form  of  valve  plunger? 

A.     The  best  form  of  valve  plunger  to  use  depends  entirely  upon 
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cam  profile.  The  preferred  construction  is  to  use  a  hollow  tubular 
member,  to  secure  lightness,  provided  with  a  hardened  roller  at  its 
lower  end  that  follows  the  cam  contour  with  a  rolling  motion.  Where 
the  cam  construction  permits  a  mushroom  plunger  is  sometimes 
employed. 

Q.     How  are  valve  plunger  guides  fastened? 

A.     Valve  plunger  guides  are  attached  to  the  engine  base  by  any 
one  of  three  commonly  used  methods.    That  most  widely  applied  is 


Fig.  44. — Defining  Method  by  Which  Valve  Operating  Cam  Raises  the 
Plunger  Between  Camshaft  and  Valve  Stem.  A — Plunger  Just 
Engaging  Point  at  Cam.  B — Plunger  Fully  Raised.  C — Plunger 
Leaving  Point  of  Cam. 

to  bolt  them  down  with  small  cap  screws.  Optional  methods  are  the 
use  of  a  stirrup  or  double  yoke  member  which  is  held  by  one  bolt  and 
which  holds  two  valve  plunger  guides  or  by  screwing  the  guide 
bushings  into  suitable  tapped  holes  in  the  engine  base. 

Q.     What  keeps  the  valves  against  their  seats? 

A.    The  valves  are  kept  seated  by  means  of  coil  springs  which  are 
under  compression  and  which  always  oppose  cam  action. 

Q.     Which  valve  has  the  strongest  spring? 

A.     The  strength  of  the  valve  springs  depends  on  methods  of 
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valve  operation.  If  the  inlet  valve  is  operated  by  suction  only,  the 
spring  is  comparatively  light  and  the  exhaust  valve  has  the  strongest 
spring.  When  mechanical  valves  are  employed  and  both  are  the 
same,  the  exhaust  and  inlet  valve  springs  are  of  equal  strength  to 
facilitate  replacement  and  to  make  them  interchangeable  during 
manufacturing. 

Q.     How  strong  should  valve  springs  be? 

A.  Valve  springs  should  be  just  strong  enough  to  hold  the  valve 
firmly  against  its  seat  and  to  return  it  to  a  closed  position  at  the 
maximum  speed  of  the  motor  just  as  soon  as  the  cam  roller  leaves 
the  raised  portion  of  the  valve  operating  cam.  If  valve  springs  are 
too  strong,  considerable  power  will  be  consumed  in  raising  them, 
whereas  if  too  weak  the  valve  operation  and  consequently  the  engine 
action  will  be  erratic. 

Q.     Name  advantages  of  enclosed  valve  gear. 

A.  On  modern  motors  the  tendency  is  to  enclose  the  valve  oper- 
ating plungers  and  springs,  in  chambers  formed  in  the  cyUnder  cast- 
ings  by  means  of  cover  plates.  This  is  desirable  practice  because  it 
keeps  dirt  and  grit  away  from  the  valve  operating  plungers  and  valve 
stems  and  insures  superior  quietness  of  operation.    (Fig.  23.) 

Q.     What  is  the  piston  and  of  what  material  is  it  made? 

A.  The  piston  is  a  reciprocating  cylindrical  member  that  moves 
in  the  cylinder  and  which  transforms  the  power  of  the  explosion  to 
mechanical  energy.  Pistons  are  usually  made  of  close  grained  gray 
iron  of  approximately  the  same  mixture  as  the  cylinder  iron  though 
where  great  lightness  is  desired,  as  on  aeroplane  motors,  steel  may  be 
employed.    (Fig.  45,) 

Q.    What  are  the  piston  bosses? 

A.  The  piston  bosses  are  projections  cast  inside  of  the  piston  to 
hold  the  wrist  pin  or  member  that  supports  the  upper  end  of  the  con- 
necting rod.    (Fig.  46.) 

Q.    What  are  the  piston  rings? 

A.  A  piston  is  usually  provided  with  a  series  of  grooves  in  which 
rings  of  cast  iron  are  mounted  to  form  a  packing.    The  piston  must 


84  Questions  and  Answers 

be  a  free  fit  in  the  cylinder  in  order  that  it  will  not  expand  unduly 
when  heated  and  bind.  For  thisreason  the packingringsare  depend- 
ed  upon  to  keep  the  ex- 


ploding gases  from  leak- 
ing by,  and  as  they  have 
considerable  elasticity 
they  conform  to  the  cyl- 
inder bore  and  fit  it  very 
closely.  As  they  are  nar- 
row they  do  not  have 
much  bearing  surface  on 
the  cylinder  and  do  not 
offer  undue  friction  if 
properly  lubricated.  The 
piston  rings  are  usually 
placed  at  the  top  of  the 
piston,  as  shown  at  Fig. 
45,  though  in  rare  in- 
stances they  have  been 
applied  to  the  bottom  of 
the  piston,  as  outlined  at 
Fig.  46. 

Q.    Name     common 
form  of  piston  rings. 
A.     The  piston  rings  may  have  a  uniform  thickness  at  all  points 
and  the  inside  be  concentric  with  the  outside  or  they  may  be  thinner 
at  one  side  than  the  other  and  the  inner  circle  of  the  r  ng  be  placed 
eccentrically  in  relation  to  the  outer  periphery.    The  eccentric  ring 
is  the  type  more  generally  used,  as  it  is  bel'eved  to  have  a  more  uni- 
form expansion  when  heated  than  the  concentric  form.    The  piston 
ring  is  always  thinnest  at  the  point  where  it  is  split. 
Q.     Why  are  piston  rings  split? 

A.  Piston  rings  are  split  for  two  reasons,  the  most  important 
being  to  obtain  sufficient  elasticity  so  that  they  may  be  sprung  in 
place  in  the  piston  grooves  and  also  that  they  may  expand  sufficiently 
to  take  up  the  space  existing  between  the  piston  and  cylinder  walla. 


Parts  of  Gasoline  Motors  85 

Q.    Why  are  piston  rings  carefully  machined? 

A  Piston  rings  are  carefully  machined  so  they  will  be  true  to 
cyUnder  bore  and  fit  the  grooves  of  the  piston  accurately  and  at  the 
same  time  they  must  have  a  smooth  surface  where  they  contact 
with  the  cylinder  walls  in  order  to  reduce  friction  to  a  minimum. 
After  piston  rings  have  been  in  use  for  a  time  the  surface  becomes 
covered  with  a  hard  glaze  and  there  is  practically  no  friction  between 
the  ring  and  the  cylinder. 

Q.  What  is  the  difference  in  size  between  piston  diameter 
and  cylinder  bore? 

A.  The  piston  is  always  made  smaller  than  the  cylinder  by  a  few 
thousandths  of  an  inch.  The  difference  between  diameter  and  bore 
is  regulated  by  the  size  of  the  engine  and  the  methods  of  cooling 
employed.  On  ordinary  automobile  engines  the  piston  has  three 
diameters,  being  smallest  at  the  top  and  largest  at  the  bottom.  The 
amount  of  taper  of  the  piston  walls  is  so  slight  that  it  is  not  notice- 
able except  with  delicate  measuring  instruments.  The  piston  of  a 
five  inch  bore  engine  would  be  .007?'  smaller  at  the  top  than  the 
cylinder  or  4.993"  in  diameter.  At  the  middle  point  approximately 
on  the  center  line  of  the  piston  bosses  the  piston  would  be  4.995"  in 
diameter  or  .005"  smaller  than  the  cylinder  bore.  At  the  bottom 
the  piston  would  be  about  .003"  smaller  than  the  cylinder  bore. 

Q.     Why  is  this  difference  in  size  necessary? 

A.  The  piston  is  made  smaller  than  the  cylinder  bore  in  order 
to  prevent  friction  between  piston  and  cylinder  walls  as  they  become 
heated  in  operation  and  to  provide  a  space  between  the  reciprocating 
and  fixed  members  or  an  oil  film 

Q.     What  is  the  wrist  pin? 

A.  The  wrist  pin  is  a  short  bar  of  steel  of  circular  or  tubular 
cross  section  placed  between  the  two  piston  bosses  to  which  the 
upper  or  small  end  of  the  connecting  rod  is  fastened. 

Q.     How  is  the  wrist  pin  secured  in  piston  bosses? 

A.  The  wrist  pin  is  usually  a  push  fit  in  the  piston  bosses  and  is 
kept  from  moving  out  of  place  by  some  form  of  lock  which  passes 
through  both  piston  boss  and  wrist  pin.     The  simplest  form  of  lock 
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is  a  common  set  screw  which  bears  gainst  the  wrist  pin  or  some 
form  of  taper  pin  or  split  cotter,  passing  through  the  piston  bosses 
into  the  wrist  pin  interior.    (Fig.  46.) 

Q.     What  is  the  c<Minecting  rod? 

A.  The  connecting  rod  is  the  member  that  forms  the  connecting 
link  between  the  reciprocating  piston  and  the  rotary  crankshaft. 
It  describes  a  rotary  movement  at  its  lower  end  and  oscillates  at  its 
upper  end.    (Fig.  47.) 


1  Crank 


Q.     What  determines  connecting  rod  length? 

A.  The  length  of  the  connecting  rod  depends  entirely  upon  the 
stroke  of  the  engine.  Long  stroke  motors  have  longer  connecting 
rods  than  short  motors.  A  connecting  rod  is  usually  equal  to  2.5 
times  the  stroke  of  the  piston  in  length. 

Q.     What  materials  are  used  in  connecting  rods? 

A.  Connecting  rods  are  invariably  made  of  steel  drop  forgings 
at  the  present  time,  though  formerly  steel,  bronze,  and  even  malle- 
able iron  castings  were  used. 
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Q.     Name  two  common  connecting  rod  types. 

A.  The  common  forms  of  connecting  rods  used  on  automobile 
motors  are  shown  at  Fig,  48,  That  at  A  is  known  as  the  marine 
type  and  the  lower  cap  is  an  entirely  separate  member  from  the 
connecting  rod  proper  and  is  attached  thereto  by  means  of  two  or 
four  bolts.  The  form  outlined  at  B  is  a  modified  marine  type  and  in 
this  the  lower  cap  is  hinged  at  one  side  and  attached  by  means  of  a 
bolt  at  the  other.    (See  also  Figs.  45,  47.) 
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Q.    What  is  the  upper  connecting  rod  bearing  made  of? 

A.  The  upper  connecting  rod  bearing  is  usu^ly  a  bushing  of 
hard  bronze  forced  into  the  boss  at  that  end  of  the  connecting  rod. 
It  bears  on  and  runs  in  connection  with  a  case  hardened  steel 
wrist  pin. 

Q.     What  is  the  lower  connecting  rod  bearing  made  of? 

A.  The  lower  coimecting  rod  bearing,  which  encircles  the  crank 
pin  of  the  cranltshaft,  b  usually  composed  of  some  anti-friction 
metal,  such  as  Babbitt  on  the  cheap  light  engines  or  Parsons  white 
bronze  or  similar  alloy  on  the  more  expensive  motors.    On  light  en- 
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gines  the  Babbitt  metal  is  often  poured  directly  into  the  connecting 
rod  lower  end  and  the  connecting  rod  cap.  On  high  priced  motors  the 
alloy  is  made  in  the  form  of  die  cast  bushings,  one  of  which  fits  the 
connectii^  rod  and  the  other  the  cap.  Bronze  brasses  are  alsd  used 
sometimes.    (See  Fig.  47.) 

Q.    What  means  are  provided  to  adjust  bearings? 

A.  A  numtier  of  shims  or  liners  of  thin  metal,  such  as  sheet 
copper  or  brass  stock,  ranging  from  .002"  to  .006"  and  sometimes 
thicker,  are  interposed  between  the  upper  and  lower  connecting  rod 


Fig.  49. — How  Chalmers  Pistons  and  Connectins  Rods  Are  Weij^ed 
and  Balanced  So  that  Members  Working  in  Unisoa  Will  Have  the 
Same  Weight  and  Assure  Smooth  Running  of  Motor. 

members.  After  a  certain  amount  of  service,  if  the  brasses,  as  the 
bushings  are  technically  termed,  wear  so  that  there  is  appreciable 
looseness  between  the  connecting  rod  and  crank  pins,  one  or  more  of 
these  shims  may  be  removed  and  the  boxes  brought  closer  together 
to  compensate  for  the  amount  of  wear.  Sometimes  one  thick  shim 
of  fiber  or  brass  is  provided  instead  of  the  greater  number  of  smaller 
ones,  and  this  is  thinned  down  by  filing  to  decrease  the  distance 
between  the  brasses. 
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Q.    Are  plain  bearings  the  only  practical  kind? 

A.  While  plain  bushings  are  more  generally  used  on  the  connect- 
ing rod  big  ends  and  main  journals  of  the  crankshaft,  anti-friction 
bearings  of  the  ball  or  roller  type  have  been  used  with  some  degree 
of  success. 

Q.    What  are  the  advantages  of  anti-friction  bearings? 

A.  Anti-friction  bearings,  especially  those  of  the  ball  type,  turn 
much  more  easily  than  plain  bushings  and  less  power  is  consumed 
by  bearing  friction  when  they  are  employed.  They  are  also  more 
enduring  than  the  plain  journals,  and  when  properly  selected  show 
absolutely  no  wear  after  extended  periods  of  operation.    (Fig.  50.) 

Q.  What  is  the  accepted  relation  between  cylinder  bore  and 
piston  stroke? 

A.  The  piston  stroke  of  modem  engines  is  longer  than  the  diam- 
eter of  the  bore.  Usually  the  piston  movement  is  equal  to  about 
1.25  times  the  diameter  of  the  piston.  The  piston  stroke  in  extreme 
cases  may  be  1.75  or  2  times  the  cylinder  bore. 

Q.     What  is  a  long  stroke  motor? 

A.  Any  motor  where  the  ratio  of  stroke  to  bore  is  greater  than 
1.5  to  1  is  termed  a  'long  stroke  motor." 

Q.     What  limits  length  of  stroke? 

A.  The  permissible  length  of  stroke  of  the  piston  is  limited  by 
an  arbitrary  piston  speed  which  it  is  not  desirable  to  exceed  because 
difficulties  in  lubrication  and  cooling  are  apparent  at  greater  piston 
speeds  than  that  established  by  common  practice. 

Q.     Define  "piston  speed"  and  give  commonly  accepted  limits. 

A.  The  stroke  of  the  piston  in  inches  multiplied  by  2  and  this 
product  multiplied  by  the  number  of  revolutions  per  minute  and  this 
in  turn  divided  by  12  will  give  the  piston  speed  in  feet  per 
minute.  An  engine  with  a  six  inch  stroke  going  at  1,000  R.  P.  M. 
will  have  a  piston  speed  of  1000  feet  per  minute,  which  is  the  com- 
monly accepted  limit. 

Q.     Of  two  engines  going  at  the  same  crankshaft  speed  will 
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the  long  stroke  or  short  stroke  engine  have  the  highest  piston 
speed? 

A.  The  piston  of  the  long  stroke  motor  will  obviously  have  the 
greatest  piston  speed.  The  shorter  the  stroke  of  an  engine,  the 
greater  the  number  of  revolutions  its  crankshaft  can  attain. 

Q.     What  is  the  crankshaft? 

A.  The  crankshaft  is  the  part  of  the  motor  which  converts  the 
reciprocating  motion  of  the  piston  to  a  contmuous  rotary  movement 
suitable  for  driving  the  wheels  of  the  automobile. 


Q.     What  are  crankshafts  made  of? 

A.  Crankshafts  are  invariably  made  of  steel  and  are  usually 
formed  by  the  drop  forging  process  which  forges  them  out  approx- 
imately to  the  correct  form.  Crankshafts  employed  on  modera.te 
priced  engines  are  usually  of  carbon  steel,  while  those  utilized  on  high 
powered  engiues  are  made  of  chrome-nickel  and  other  high  tensile 
strength  alloy  steels. 

Q.  What  is  the  relation  between  crankshaft  throw  and  piston 
stroke  ? 

A.  The  crankshaft  throw,  which  is  the  distance  between  the 
center  line  of  the  crank  pin  and  that  of  the  crankshaft  proper,  is 
always  half  the  piston  stroke.  ■ 
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Q.     Do  all  crankshafts  have  the  same  number  of,throws? 
A.     Crankshafts  intended  for  multiple  cylinder  engines  have  more 
throws  than  simple  forms  intended  for  one  or  two  cylinder  engines. 
Q.     Are  crankshafts  always  in  one  piece? 

A.     Crankshafts  are  not  always  made  from  one  forging  or  piece 
of  metal.    They  are  sometimes  composed  of  a  number  of  distinct 
machined  pieces  fastened  together  by  mechanical  means.    (Fig.  51.) 
Q.     Why  are  built-up  crankshafts  necessary? 
A.     On  small  single  cylmder  and  two  cylinder  V  engines,  such  as 
used  for  motorcycle  propulsion,  the  connecting  rod  is  usually  formed 
in  one  piece  and  the 
crankshaft    assembly 
must  be  completed  after 
the  connecting  rod  is  in 
place  on  the  crank  pin. 
With  a  split  connecting 
rod    construction    one 
piece  crankshafts  are 
employed,  whereas  when 
one-piece  connecting 
rods  are  used  it  is  neces- 
sary   to   use  a  built-up 
crankshaft. 

Q.  What  are  counter 
weights? 

A.  Counter  weights 
are  fan  shaped  masses  of 
cast  iron  attached  to  the 
crankshaft  of  single  cyl- 
inder and  some  forms  of 
two  cylinder  motors  to 
balance  the  reciprocat- 
ing   weight    of    the 

pistons  and  a  part  of  the 

Fig.  51.— Sectional    View    of    Typical    Air-     connecting  rods.     (Fig. 
Cooled     Motorcycle     Engine    Showing     -q   i  \ 
Built-up  Crankshaft.  <*^  "-J 
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Q.     How  are  they  attached  to  the  crankshaft? 

A.  The  conventional  method  of  attaching  counter  weights  is  to 
bolt  them  to  the  crankshaft  webs,  though  on  built-up  crankshafts 
used  on  motor  cycle  engines  they  are  sometimes  cast  or  forged  in- 
tegral with  the  flywheel  members  that  correspond  to  the  webs  of 
the  usual  crankshaft  and  to  which  the  crank  pin  is  attached. 


Fig.  52. — Showing  Various  Forms  of  One  and  Two  Cylinder  Crank- 
shafts. A— Single  Throw  Crankshaft  With  Balance  Weights. 
B— One-Throw  Two-Cylinder  Crankshaft  With  Balance  Weights. 
C — Crankshaft  for  Two-Cylinder  Opposed  Motor. 

Q.     How  are  crankpins  spaced  in  two  cylinder  engines? 

A.  Crank  pins  of  two  cylinder  engines  may  be  arranged  in  two 
different  ways.  In  vertical  engines  both  connecting  rods  may  be 
attached  to  a  common  crank  pin,  as  shown  at  Fig.  52  B,  or  they  may 
be  placed  at  180  degrees  or  opposite  each  other,  as  shown  at  Fig.  52  C 
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and  Fig.  63  A.  When  both  crank  pms  are  on  the  same  plane  in  a  two 
cylinder  vertical  engine  it  is  possible  to  have  the  explosions  follow  in 
regular  sequence,  but  the  engine  is  not  in  correct  mechanical  balance. 
If  the  crank  pins  are  spaced  as  outlined  at  Fig.  53  A,  the  engine  is  in 
.better  mechanical  balance,  but  the  explosions  are  not  separated  by 
regular  intervals.  The  best  method  of  utilizing  two  cylinders  is  to 
use  a  double  opposed  motor.  In  this  case  the  crank  pin  arrangement 
is  as  shown  at  Fig.  52  C.  Counter  weights  are  necessary  when  both 
connecting  rods  act  on  the  same  crank  pin,  just  as  in  a  one  cylinder 
engine. 


Fig.  53. — Unconventional  Two-Cylinder  Crankshaft.      A — For  Two- 
Cylinder  Vertical  Engine.     B— For  Two-Cylinder  V  Engine. 

Q.     How  are  the  crankpins  spaced  in  three  cylinder  motor? 

A.  Crank  pins  of  a  three  cylinder  motor  are  arranged  on  thirds 
of  a  circle  or  120  degrees  apart.    (Fig.  54  A.) 

Q.     How  are  crankpins  arranged  on  four  cylinder  crankshafts? 

A.  The  conventional  arrangement  of  crank  pins  on  a  four  cyl- 
inder crankshaft  is  outlined  at  Fig.  64  B.  Four  separate  crank 
throws  are  provided  on  two  planes,  spaced  180  degrees  apart.  The 
crank  pins  for  connecting  rods  1  and  4  are  on  a  line  and  the  pistons 
move  up  and  down  together.  The  crank  throws  of  pistons  2  and  3 
are  on  the  same  line. 
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Q.     How  are  crankpins  spaced  on  six  cylinder  engines? 

A.  The  crank  pins  of  six  cylinder  crankshafts  may  be  arranged 
in  two  ways.  The  simplest  arrangement  is  outlined  at  Fig.  54  C.  In 
this  three  crank  pins  are  provided,  spaced  120  degrees  apart,  just  the 
same  as  in  a  three  cylinder  crankshaft,  each  crank  pin  serving  for 
two  cylinders.  The  other  method  outlined  at  Fig.  54  D  may  be  said 
to  be  composed  of  two  three  cylinder  crank  shafts  joined  together. 
The  crank  pins  for  cylinders  1  and  6  are  on  the  same  plane,  the  pis- 
tons of  cylinders  2  and  5  move  together,  as  is  also  true  of  the  pistons 
of  cylinders  3  and  4. 


Fig.  54. — Outlining    Construction    and    Arrangement    of    Throws    of 
Crankshaft  for  Three,  Four  and  Six-Cylinder  Motors. 

Q.     How  many  main  bearings  on  crankshaft? 

A.  The  crankshafts  of  one,  two,  and  some  four  cylinder  motors 
have  but  two  main  bearings,  one  at  each  end.  A  three  cylinder 
crankshaft  usually  has  four  main  bearings.  Four  cylinder  crank- 
shafts used  when  motor  cylinders  are  cast  in  pairs  usually  have 
three  bearings,  and  when  individual  cylinder  castings  are  used  a 
four  cylinder  crankshaft  will  have  five  main  bearings.  Six  cylinder 
crankshafts  have  either  five  or  seven  main  bearings  as  a  rule,  though 
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on  some  very  compact  six  cylinder  engines  a  three  main  bearing 
crankshaft  may  be  used. 

Q.  What  is  the  influence  of  cylinder  design  on  crankshaft 
length? 

A.  Motors  employing  block  casings  can  have  shorter  crank- 
shafts than  those  in  which  cylinders  are  cast  in  pairs  or  individually. 

Q.    What  are  crankshaft  main  bearings  made  of? 

A.  The  crankshaft  main  bearings  are  generally  made  of  the  same 
material  as  employed  for  the  bushings  for  the  connecting  rod  big 
ends.  Ball  bearings  have  been  used  as  main  bearings  and  their  use 
is  more  general  in  this  application  than  it  is  in  connecting  rods. 
(Fig.  50.) 

Q.    What  is  the  function  oLthe  crankcase? 

A.  The  crank  case  is  utilized  to  support  the  crankshaft  and  to 
act  as  a  bed  for  the  engine  cylinders.  It  keeps  the  working  part  of 
the  cylinder  in  perfect  alinement  with  the  crankshaft  and  camshaft 
carried  and  protected  by  the  crank  case  and  at  the  same  time  it 
serves  as  a  carrying  or  supporting  member  by  which  the  power  plant 
is  attached  to  the  chassis. 

Q.    What  are  crankcases  made  of? 

A.  Automobile  engine  crankcases  may  be  made  of  cast  alumi- 
num, cast  iron,  or  bronze  castings.  The  first  named  material  is 
most  generally  used  on  accoimt  of  its  lightness.  It  has  about  the 
same  strength  as  cast  iron  and  weighs  but  one-third  as  much.  On 
engines  that  are  manufactured  in  large  quantities,  stamped  sheet 
metal,  such  as  steel  and  aluminum,  have  been  utilized  as  the  lower 
portion  of  the  crank  case. 

Q.     Name  three  common  types  of  crankcase. 

A.  Crank  cases  may  be  divided  into  three  types,  the  barrel  form, 
the  horizontally  divided,  and  the  vertically  divided. 

Q.    What  is  the  barrel  type  crankcase? 

A.  The  barrel  type  is  a  form  in  which  practically  the  entire  crank- 
case is  cast  in  one  piece,  end  plates  being  provided  for  holding  the 
main  journals  and  also  to  cover  the  large  openings  in  the  ends  of  the 
crank  case  through  which  the  crank  shaft  assembly  is  introduced. 
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Q.     Wha^are  the  advantages  of  the  two  piece  crankcases  ? 

A.  When  a  two  piece  crank  case  is  employed  the  lower  portion 
serves  merely  as  an  oil  container  or  cover  and  the  crankshaft  is  sup- 
ported by  the  upper  half.  When  it  is  desired  to  adjust  the  main 
bearings  or  the  connecting  rod  big  ends  the  lower  portion  or  oil  pan 
of  the  crank  case  may  be  removed  and  the  entire  interior  of  the 
crank  case  is  readily  accessible.    (Fig.  55.) 

Q.  How  can  interior  parts  of  barrel  type  crankcases  be 
reached? 

A.  Most  forms  of  barrel  type  crankcases  are  provided  with  large 
openings  or  hand  holes  at  the  side  which  are  closed  by  easily  remov- 
able plates  to  permit  of  ready  access  to  the  crankcase  interior. 

Q.    What  is  the  function  of  tjie  flywheel? 

A.  The  flywheel  is  a  heavy  cast  iron  member  attached  to  the 
crank  shaft  and  is  utilized  to  keep  the  crank  shaft  turning  during 
the  idle  strokes  by  virtue  of  power  stored  in  its  rim  during  the  work- 
ing strokes  of  the  motor.  The  one  and  two  cylinder  forms  of  engines 
require  much  heavier  flywheels  than  four  and  six  cyUnder  forms 
need.    (Fig.  57.) 

Q.    What  determines  flywheel  diameter? 

The  flyw^heel  diameter  is  determined  by  the  materials  of 
which  it  is  composed  and  by  the  speed  of  the  crankshaft.  A  certain 
peripheral  speed  limit  has  been  established  for  cast  iron,  which  it  is 
not  desirable  to  exceed. 

Q.     Define  peripheral  speed. 

A.  The  peripheral  speed  of  the  flywheel  is  the  distance  that  any 
one  point  on  its  circumference  covers  in  a  given  unit  of  time.  Per- 
ipheral speed  depends  directly  on  the  size  of  the  flywheel  and  the 
number  of  revolutions  at  which  it  turns.  For  a  given  diameter 
the  flywheel  that  turns  the  fastest  has  the  greatest  peripheral  speed. 

Q.     What  is  safe  peripheral  speed  for  cast  iron  flywheels? 

A.  The  safe  peripheral  speed  for  cast  iron  flywheels  of  ordinary 
construction  is  approximately  5000  feet  per  minute.  A  flywheel  5 
feet  in  circumference  could  not  turn  more  than  1000  R.  P.  M.  with- 
out exceeding  this  limit. 
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Q.  What  can  be  done  to  increase  flywheel  speed  without 
danger? 

A.  The  flywheel  may  be  made  of  a  stronger  material,  such  as 
steel,  if  it  is  desirable  to  retain  the  same  diameter,  or  it  may  be 
made  smaller  in  diameter  if  made  of  cast  iron. 

Q.    Describe  simplest  type  of  flywheel. 

A.  The  simplest  form  of  flywheel  consists  of  a  web  having  a 
hieavy  rim  or  a  simple  cast  hub  joined  to  a  heavy  rim  member  by  a 
series  of  radiating  arms  or  spokes  which  are  cast  integral  with  the 
hub  and  the  rim. 

Q.    What  is  the  advantage  of  web  wheels? 

A.  The  web  wheel  is  a  safer  method  of  construction  and  is  also 
stronger  than  the  spoke  type.  When  a  flywheel  of  the  spoke  type 
is  turning  at  a  high  rate  of  speed  it  will  do  considerable  injury  to 
any  object  inadvertently  thrust  between  the  spokes.  As  the  web 
construction  makes  practically  a  solid  flywheel  it  is  not  possible  to 
catch  anything  in  the  wheel. 

Q.  Why  are  flywheel  spokes  sometimes  shaped  like  fan 
blades? 

A.  Fan  blades  are  often  incorporated  in  flyivheels  so  that  mem- 
ber acts  as  a  fan  or  blower  to  induce  a  draft  of  air  through  the 
radiator  of  a  water  cooled  engine  or  around  the  cylinders  of  an  air 
cooled  type. 

Q.    How  are  clutches  attached  to  flywheels? 

A.  Cone  clutches  have  the  female  members  recessed  in  the  fly- 
wheel interior,  while  multiple  disc  clutches  or  those  of  the  expand- 
ing band  type  are  housed  in  a  drum  or  casing  either  machined  with 
the  flywheel  casting  or  attached  thereto  by  some  method  of  mechani- 
cal fastening.  Three  and  five  plate  clutches  are  carried  on  simple 
stud  members  screwed  into  the  flywheel. 

Q.    How  are  flywheels  attached  to  crankshafts? 

A.  Flywheels  are  attached  to  crankshafts  either  by  means  of 
a  taper  shaft  and  key  ret^ention  or  by  means  of  bolting  it  when  of 
the  web  type  to  a  flange  formed  integral  with  the  crankshaft.  The 
latter  is  the  preferred  construction. 
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Q.     Why  must  flywheels  be  securely  fastened? 

A.  It  is  imperative  that  flywheels  be  attached  firmly  to  the 
crankshaft,  because  any  looseness  between  the  flywheel  and  the 
shaft  will  produce  a  pronounced  knocking  sound,  and  the  methods 
of  fastening,  such  as  keys  or  bolts,  may  be  entirely  sheared  off. 

Q.     What  is  the  meaning  of  marks  on  fl5rwheel  rims? 

A.  The  marks  placed  on  flywheel  rims,  as  indicated  at  Fig.  39, 
are  placed  thereon  to  assist  in  timing  the  valves  and  ignition  spark. 
The  abbreviation  E.  0.  means  ** Exhaust  Opens,''  while  E.  C. 
means  ** Exhaust  Closes."  The  letters  I.  0.  mean  "Inlet  Opens," 
while  I.  C.  means  ** Inlet  Closed."  The  letter  S.  indicates  the 
sparking  point,  while  U.  C.  means  ''Upper  Center,"  which  means 
that  the  piston  is  at  the  top  of  its  stroke,  and  L.  C.  means  **  Lower 
Center,"  which  corresponds  to  the  crank  shaft  position  when  the 
piston  in  the  cylinder  being  timed  is  at  the  bottom  of  its  stroke. 

Q.  What  influence  does  flywheel  diameter  have  on  spacing 
of  timing  marks? 

A.  For  a  given  number  of  degrees  crank  travel  the  marks  are 
farther  apart  on  large  diameter  flywheels  than  they  are  on  those  of 
lesser  radius. 

Q.     What  are  the  manifolds?    . 

A.  The  manifolds  are  the  built-up  members  or  pipes  that  con- 
vey the  fresh  gas  from  the  carbureting  device  to  the  valve  cham- 
bers or  which  convey  the  inert  products  of  combustion  from  the 
exhaust  valve  chambers  to  the  muffling  device. 

Q.     How  are  they  secured  to  cylinders? 

A.  Manifolds  are  usually  attached  to  cylinders  by  means  of 
flange  couplings  bolted  to  the  cylinders  or  by  stirrups  or  retention 
bars  which  hold  them  secur'ely  in  place. 

Q.  What  precautions  must  be  observed  when  designing  man- 
ifolds? 

A.  Inlet  or  fresh  gas  manifolds  should  always  be  proportioned 
so  that  the  gas  from  the  carburetor  does  not  have  to  turn  any  sharp 
comers  and  so  the  distance  between  each  valve  chamber  of  a  mul- 
tiple cylinder  engine  and  the  carburetor  will  be  approximately  the 
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same.  Exhaust  manifolds  should  offer  a  free  passage  to  the  escap- 
ing gas  and  should  be  large  enough  in  bore  so  that  there  will  be  no 
friction  between  the  gas  stream  and  the  manifold  wall. 

Q.     How  is  the  engine  base  attached  to  vehicle  frame? 

A.  The  common  method  of  construction  is  to  cast  arms  integral- 
ly with  the  engine  bed  which  extend  to  the  main  frame  sides  or  rest 
on  an  inner  frame  or  sub-frame  member  that  is  in  turn  supported 
by  the  main  frame. 

Q.     What  is  the  three  point  support"? 

A.  If  the  power  plant  is  supported  by  three  points  placed  in  re- 
lation to  each  other  so  that  the  two  on  the  same  line  form  the  base 
of  a  triangle  while  the  third  forms  the  apex,  the  engine  is  said  to 
have  a  three  point  support.  The  advantages  of  this  construction 
may  be  readily  understood  if  one  compares  the  action  of  a  three 
legged  stool  and  one  having  four  legs  on  uneven  ground.  The  stool 
with  the  three  point  support  is  not  so  much  affected  by  irregular- 
ities in  the  surface  on  which  it  rests  as  is  the  four  legged  member. 
A  power  plant  supported  on  three  points  is  not  affected  by  frame 
distortion  or  springing  out  of  alinement  as  much  as  a  four  point 
support  power,  plant. 

Q.    What  is  **four  point  support"? 

A.  "When  a  power  plant  is  held  in  place  in  the  frame  by  means 
of  four  arms  so  that  the  point  of  support  forms  a  rectangular  fig- 
ure, the  engine  is  said  to  have  four  point  support.  The  four  point 
system  necessitates  the  use  of  a  more  rigid  frame  than  does  the 
three  point  method  of  suspension. 

Q.     What  is  a  unit  power  plant? 

A.  The  unit  power  plant  construction  is  that  where  the  engine, 
clutch  and  gearset  are  attached  together  so  these  three  members 
may  be  said  to  be  supported  by  the  same  common  carrier  or  case. 
A  unit  power  plant  with  the  three  point  support  is  commonly  used 
in  motor  car  construction. 

Q.     What  are  the  advantages  of  the  unit  power  plant? 
A.     One  of  the  methods  of  installing  the  motor  and  gearset  of  an 
automobile  is  to  attach  these  to  a  frame  as  separate  members  and 
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interpose  some  form  of  flexible  coupling  between  the  clutch  shaft 
and  the  gear  box  to  compensate  for  any  disalinement  of  the  two 
members  due  to  frame  distortion  on  rough  roads.  With  a  unit  power 
plant,  crankshaft,  clutch  and  transmission  shafts  are  held  in  the 
absolute  alinement  present  when  first  assembled,  and  no  amount  of 
frame  deflection  can  throw  the  three  members  out  of  the  correctly 
alined  position  that  insures  maximum  eflBciency  and  minimum  de- 
preciation.    (See  Frontispiece.) 
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LESSON  FOUR 

FUEL  FOR  AUTOMOBILE  MOTORS 

Q.    What  fuels  can  be  used  with  the  automobile  power  plant? 

A.  Internal  combustion  engines  will  operate  satisfactorily  on 
any  form  of  hydrocarbon  gas.  This  means  that  natural  or  artificial 
illuminating  gas,  alcohol  vapor,  acetylene,  kerosene,  benzol  and  gas- 
oline vapors  may  be  utilized. 

Q.  What  are  the  disadvantages  to  the  use  of  illuminating  or 
natural  gas  as  automobile  fuel? 

A.  In  order  to  carry  enough  gas  for  a  tour  or  run  of  any  conse- 
quence with  an  automobile  it  would  be  necessary  to  use  very  large 
storage  tanks  that  would  occupy  considerable  space  that  can  be  used 
to  better  advantages  for  other  purposes.  The  same  disadvantages 
that  apply  to  the  electric  automobile  regarding  its  operation  at 
points  remote  from  charging  station  would  apply  just  as  well  to  the 
gasoline  vehicle  if  compressed  gas  was  employed  as  fuel. 

Q.    What  are  the  advantages  of  liquid  fuel? 

A.  Liquid  fuels  have  the  important  advantage  that  a  relatively 
small  supply  can  be  carried  in  a  container  of  small  size  compared  to 
the  total  carrying  capacity  of  the  vehicle  and  that  they  may  be 
readily  handled  and  stored  and  easily  secured  at  the  present  day  at 
even  the  smallest  village  or  hamlet. 

Q.     How  are  liquid  fuels  changed  to  gas? 

A.  A  small  amount  of  the  liquid  is  sprayed  into  a  charge  of  air 
and  the  mixture  of  air  and  liquid  becomes  a  gas  by  the  time  the 
stream  of  vapor  charged  air  reaches  the  cylinder  interior.  The  gas- 
ifying process  is  accelerated  by  the  heat  of  the  motor. 

Q.    What  is  the  general  term  applied  to  all  liquid  fuels? 

A.     The  liquid  fuels  commonly  used  are  generally  designated  as 

105 


106  Questions  and  Answers 

hydrocarbons  because  the  elements  hydrogen  and  carbon  are  the 
chemical  constituents  of  most  Uquids  suitable  for  burning. 
Q.     Name  the  principal  liquid  fuels. 

A.  The  principal  liquid  fuels  mentioned  in  order  of  their  import- 
ance are  gasoline,  naphtha,  benzol,  kerosene,  and  alcohol. 

Q.     Which  is  the  best  suited  to  modern  engines? 

A.  The  internal  combustion  engines  used  for  vehicle  propulsion 
have  been  designed  with  a  view  of  using  hem  with  readily  evapor- 
ated liquids,  such  as  gasoline. 

Q.     What  is  gasoline? 

A.  Gasoline  is  a  highly  volatile  liquid  that  not  many  years  ago 
was  a  by-product  of  but  little  value.  It  was  used  to  a  limited  ex- 
tent for  removing  oil  stains  from  cloth  or  for  cleansing  delicate 
fabrics.  It  could  be  bought  for  four  or  five  cents  a  gallon,  and  there 
was  little  market  for  it  at  that  price  until  the  gasoline  stove  was  in- 
troduced. Engineers  soon  discovered  that  this  substance  evapor- 
ated very  easily  and  mixed  with  air  at  ordinary  temperatures  to 
form  a  highly  nflammable  explosive  gas. 

Q.     From  what  is  gasoline  derived? 

A.  Gasoline  is  one  of  the  first  products  obtained  by  the  distil- 
lation of  crude  petroleum.  Petroleum  is  a  dark,  evil  smelling 
liquid  that  comes  from  subterranean  deposits  and  is  obtained  in 
large  quantites  in  several  states,  notably,  Pennsylvania,  Texas, 
Indiana,  and  Ohio.  Crude  petroleum  is  usually  in  association  with 
natural  gas.  It  is  foimd  in  almost  all  parts  of  the  world,  but  the 
largest  proportion  of  that  produced  commercially  is  obtained  from 
American  wells.  The  petroleum  found  in  this  country  yields  more  of 
the  volatile  products  than  those  of  foreign  production.  Many  prod- 
ucts and  compoimds  are  derived  from  crude  oil,  but  before  the  crude 
product  can  be  used  it  must  be  freed  of  the  impurities  such  as  free 
carbon,  sulphur  and  various  earthy  elements  which  are  in  suspen- 
sion in  the  Uquid. 

Q.     What  is  the  process  of  obtaining  gasoline? 

A.  The  process  of  purifying  crude  oil  is  one  of  destructive  dis- 
tillation and  during  this  refining  the  various  liquids  of  which  the 
crude  oil  is  composed  are  separated  from  each  other  and  their  com- 
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mon  base.  The  oil  is  heated  in  large  stills  and  the  gases  given  off 
are  condensed  in  a  cooling  coil  and  again  turned  to  liquid.  The  oil 
is  brokan  up  into  three  main  groups  of  products  as  follows:  Highly 
volatile,  which  include  naphtha,  benzine,  and  gasoline;  light  oils, 
such  as  kerosene  and  light  lubricating  oils,  and  heavy  oils  or  residuum. 

Q.     What  proportion  of  the  crude  oil  is  gasoline? 

A.  The  proportion  of  volatile  products,  such  as  gasoline,  obtained 
from  a  given  amount  of  crude  oil  varies  from  6  to  10  %  of  the  total. 
About  60%  of  the  refined  products  is  kerosene,  20%  is  light  lubri- 
cating oil,  while  the  remainder  are  various  heavy  oils  and  greases, 
such  as  vaseline,  petroleum  jelly  and  compounds  of  that  nature. 

Q.  What  are  the  properties  of  gasoline  making  it  suitable  as 
a  fuel? 

A.  Gasoline  evaporates  readily  at  ordinary  temperatures  and 
can  be  mixed  with  air  to  form  a  satisfactory  fuel  gas  by  simple 
methods. 

Q.     Is  gasoline  dangerous? 

A.  Gasoline  in  itself  is  not  dangerous  unless  enough  of  the  vapor 
becomes  mixed  with  air  to  form  an  inflammable  gas.  Owing  to  the 
volatile  nature  of  this  fluid,  vapors  are  constantly  given  off  whenever 
it  is  exposed  to  the  action  of  the  air,  and  because  of  this,  the  use  of  a 
naked  flame  or  spark  should  always  be  avoided  where  gasoline  is 
present  in  any  quantity. 

Q.     What  is  kerosene? 

A.  Kerosene  forms  one  of  the  most  important  of  the  distillates 
of  crude  petroleum  and  is  the  substance  that  is  given  off  during  the 
refining  process  following  the  evaporation  of  the  more  volatile  gases 
that  are  condensed  into  the  various  grades  of  gasoline. 

Q.     Can  it  be  used  in  engines  of  present  design? 

A.  The  chief  difficulty  which  prevents  the  use  of  kerosene  is  that 
it  will  not  vaporize  readily  at  ordinary  temperatures,  and  before  it 
will  evaporate  sufficiently  to  form  a  gas,  it  must  be  heated.  This 
calls  for  specially  constructed  vaporizing  devices  and  water  jacketed 
manifolds.  Owing  to  the  low  rate  of  evaporation,  kerosene  cannot  be 
used  successfully  on  high  speed  motors  where  is  it  desired  to  have 
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flexible  control  and  where  the  engine  must  be  accelerated  from  a 
minimum  to  the  highest  speed  in  a  short  time. 

Q.    What  are  the  advantages  of  kerosene? 

A.  At  the  present  time  kerosene  is  much  more  plentiful  than 
gasoline,  and  when  vaporized  properly,  it  actually  has  more  heat 
imits  and  is  capable  of  giving  more  power  than  does  gasoline  in  equal 
quantities. 

Q.     Is  kerosene  dangerous? 

A.  Kerosene  is  not  considered  dangerous  by  the  instirance  com^ 
panics,  and  large  quantities  of  it  can  be  stored  without  introducing 
the  same  element  of  fire  risk  that  is  present  with  gasoline.  It  is  not 
constantly  giving  ofif  vapors  at  ordinary  temperatures,  and  will  not 
burn  unless  it  is  spread  in  a  thin  film  over  some  object  where  a  large 
quantity  will  be  exposed  to  the  air.  A  burning  match  can  be  thrust 
into  kerosene  and  the  flame  will  be  put  out.  The  very  condition 
that  makes  kerosene  safer  than  gasoline,  makes  it  less  suitable  as  a 
fuel  for  present  day  -orms  of  engines. 

Q.  Why  is  kerosene  better  for  stationary  power  plants  than 
for  automobile  engines? 

A.  Owing  to  the  slow  rate  of  vaporization,  kerosene  is  more  suit- 
able for  slow  and  moderate  speed  motors  such  as  used  for  stationary 
and  marine  service  than  it  is  on  high  speed  power  plants. 

Q.  What  is  the  relative  value  of  kerosene  and  gasoline  as 
fuels? 

A.  Kerosene  actually  contains  more  heat  units  per  pound  than 
gasoline  does. 

Q.     What  precautions  are  necessary  to  use  kerosene? 

A.  When  kerosene  is  to  be  used,  it  is  necessary  to  provide  some 
form  of  preheating  coil  through  which  the  fuel  is  passed  before  it 
reaches  the  carburetor,  to  thoroughly  heat  the  vaporizing  chamber 
and  induction  manifold,  and  to  proportion  the  mixture  passages  so 
the  velocity  of  the  entering  gas  will  be  high.  It  is  necessary  to  pro- 
vide an  auxiliary  device  so  the  engine  may  be  rim  on  gasoline  until 
it  becomes  warm  enough  to  use  the  kerosene  vapor.  As  kerosene 
contains  more  carbon  in  its  composition  than  gasoline,  and  as  the 
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combustion  of  kerosene  vapor  b  not  apt  to  be  as  complete  aa  gasoline 
gas,  with  some  forms  of  carburetor,  a  minute  stream  of  water  is 
sprayed  into  the  mixture  before  it  reaches  the  combustion  chamber. 
The  water  is  decomposed  by  the  heat  and  liberates  oxygen  which 
facilitates  combustion  and  which  tends  to  minimize  carbon  deposit. 


1  Loziet  C 

Q.     What  is  benzol? 

A.  Benzol  is  a  by-product  incidental  to  the  manufacture  of  illu- 
minating gas  and  coke.  The  crude  product  is  a  foul  smelling  liquid 
which  has  about  the  same  color  as  ale,  but  when  subjected  to  a  re- 
fining process,  the  liquid  is  changed  to  one  of  about  the  same  color 
of  gaaoline.  Coke  was  formerly  produced  by  a  process  of  destructive 
distillation  and  the  gases  evolved  were  permitted  to  escape.  At  the 
present  time  these  gases  are  retained  and  passed  through  a  condens- 
ing coil  to  form  benzol.  About  three  gallons  of  benzol  are  obtained 
for  each  ton  of  coal  converted  into  coke  or  gas. 

Q.     How  is  it  used? 

A.  Benzol  is  not  as  volatile  as  gasoline  but  much  more  so  than 
kerosene.   A  motor  supplied  with  a  carburetor  of  ordinary  water  or 
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Fig.  59, — Showing   Construction    ci    Bowser    Underijround    Gasoline 
Storage  Tank  With  Attached  Measuring  Pump. 

exhaust  gas  jacketed  construction  may  be  started  without  difficulty 
with  this  fuel.  It  has  received  considerable  application  in  England. 

Q.     What  is  alcohol? 

A.  Alcohol  is  a  product  obtained  from  vegetable  sources  that 
offers  some  advantages  as  a  fuel.  It  differs  materially  from  gasoline, 
as  it  has  from  seven  to  ten  per  cent  of  water  in  its  composition  and 
as  it  is  much  less  volatile  it  requires  more  heat  to  vaporize  it. 


Fuel  for  Automobile  Motors  111 

Q.     From  what  is  it  obtained? 

A.  Alcohol  may  be  derived  from  any  substance  that  contains 
either  starch  or  sugar,  and  it  can  be  produced  from  various  fruits, 
grains  and  vegetables.  Such  materials  as  beets,  potatoes,  wheat,  rye, 
corn,  sugar-cane,  barley,  rice,  and  even  decaying  fruit  or  other  ref- 
use which  could  not  be  utilized  otherwise  may  be  distilled  and  alco- 
hol derived  therefrom. 

Q.     Can  it  be  used  as  fuel? 

A.  While  alcohol  has  been  used  for  ten  years  or  more  abroad  in 
engines  designed  especially  for  its  use,  it  cannot  be  utilized  econom- 
ically in  motors  intended  for  gasoline.  Alcohol  vapor  can  be  com- 
pressed much  more  than  gasoline  gas,  and  as  the  heat  units  liberated 
from  a  burning  fuel  vary  with  the  amount  of  compression  prior  to 
ignition,  even  though  alcohol  gives  out  less  heat  when  burned  imder 
the  same  conditions  as  gasoline,  equal  or  higher  engine  efficiency  may 
be  obtained  by  compressing  the  alcohol  vapor  more.  Alcohol  is 
used  in  some  form  of  carburetor  adapted  to  heat  the  mixture  be- 
fore it  is  supplied  to  the  cylinders.  An  engine  designed  for  gasoline 
will  use  nearly  twice  as  much  alcohol  as  it  does  the  other  liquid  to 
develop  the  same  amount  of  energy.  One  of  the  disadvantages  of 
alcohol  that  is  shared  in  common  with  kerosene  is  that  it  is  difficult 
to  start  a  cold  engine,  and  the  motor  must  be  heated  up  before  alco- 
hol can  be  used.  Owing  to  the  presence  of  oxygen  in  the  alcohol, 
which  is  not  a  part  of  gasoline,  only  about  one  third  as  much  air  is 
needed  with  alcohol  vapor  and  twice  the  amount  of  compression  be- 
fore ignition  can  be  used  with  alcohol  gas.  It  is  claimed  that  the 
range  of  explosive  mixture  proportions  of  air  and  alcohol  is  much 
greater  than  that  possible  with  gasoline  and  air. 

Q.     Describe  the  alcohol-acetylene  process. 

A.  This  is  a  recently  devised  process  developed  with  the  object 
of  enabling  one  to  use  alcohol  with  engines  of  present  design  with  no 
change  except  a  special  form  of  vaporizer.  The  alcohol  vapor  is 
passed  through  calcium  carbide  before  it  enters  the  cylinder  and  the 
water  present  in  commercial  alcohol,  which  normally  lowers  its 
efficiency  as  a  fuel,  is  absorbed  by  the  carbide  and  as  a  chemical  ac- 
tion results,  acetylene  gas  is  liberated  and  this  very  inflammable  gas 
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iucreases  the  thermal  value  of  the  alcohol  vapor.  When  this  com- 
biaation  gas  ii  employed,  it  is  necessary  to  add  water  to  the  alcohol 
to  obtain  the  same  thermal  efficiency  as  procured  with  gasolinegaa. 
The  solution  used  as  fuel  contains  17  per  cent  water  and  83  per  cent 
alcohol;  as  water  costs  nothing  to  speak  of,  the  increase  in  the 
bulk  of  fuel  nearly  pays  for  the  carbide.  It  is  estimated  that  one 
pound  of  carbide  is  used  per  gallon  of  liquid.  This  combination  of 
alcohol  and  acetylene  has  proved  efficient  on  motors  employing  com- 
pression as  low  as  60  pounds  to  the  square  inch  and  running  as  high 
as  2,000  revolutions  per  minute.      If  used  alone,  alcohol  vapor  burns 


slowly  and  it  is  more  efficient  on  slow  speed,  high  compression 
motors  than  on  engines  of  the  present  form. 

Q.     What  are  the  advantages  of  alcohol? 

A.  Alcohol  has  the  great  advantage  that  the  fire  risk  is  less  than 
with  gasoline.  A  gasoline  fire  or  any  burning  petroleum  product  is 
only  spread  by  water,  but  burning  alcohol  is  extinguished  by  it.  It 
is  claimed  that  the  exhaust  gases  from  alcohol  are  cooler  and  cleaner 
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than  those  from  gasolme  vapor  and  they  will  deposit  less  carbon  in 
the  combustion  chamber.  As  alcohol  is  obtained  from  vegetable 
substances  there  is  no  likelihood  of  fuel  famine  because  the  raw  ma- 
terials are  not  only  found  in  all  parts  of  the  earth,  but  are  reproduced 
each  cycle  of  seasons  and  in  fact,  in  tropical  countries,  there  is  no 
cessation  to  the  growth  of  the  vegetation.  There  has  been  no  serious 
attempt  to  date  to  produce  alcohol  in  large  quantities  and  even  the 
removal  of  the  government  tax  on  the  denatured  product  has  not 
stimulated  the  production  of  the  liquid. 

Q.    Is  alcohol  dangerous? 

A.  Alcohol  is  much  less  dangerous  than  either  kerosene,  benzol 
or  gasoline  imder  ordinary  conditions.  Alcohol  used  for  fuel  pur- 
poses must  be  rendered  unfit  for  drinking  by  substances  such  as 
benzine  or  other  distillates  of  crude  petroleum  in  order  to  make  it 
unpalatable.  As  denatured  alcohol  is  poisonous  to  a  degree,  it  is 
very  dangerous  if  the  chaufifeur  takes  it  internally. 

Q.     How  are  fuels  carried  in  automobiles? 

A.  Liquid  fuels  are  carried  in  tanks  conveniently  disposed  at 
various  parts  of  the  automobile,  depending  upon  the  type  of  fuel 
supply  system  used.  In  many  cars  it  is  carried  in  a  tank  under  the 
front  seat  when  a  chassis  is  fitted  with  a  touring  body  or  in  a  large 
container  back  of  the  seat  (Fig.  58)  and  at  the  rear  end  if  the  car  is 
a  roadster  or  two  passenger  type.  On  some  very  powerful  machines 
where  it  would  be  difiicult  to  store  enough  gasoline  in  a  tank  under 
the  seat,  a  large  container  is  carried  at  the  rear  end  of  frame  back  of 
the  rear  axle. 

Q.    What  is  the  best  system  of  fuel  storage? 

A.  The  safest  method  of  handling  gasoline  and  other  liquids  of 
like  nature  when  stored  in  large  quantities  is  to  use  underground 
tank  outfits  as  outlined  at  Figs.  59  and  60.  This  is  a  very  economical 
method,  because  the  danger  from  fire  is  reduced  to  a  minimum  and 
there  is  no  loss  of  fuel  by  evaporation.  The  liquid  may  be  pumped 
up  from  the  tank  by  any  simple  form  of  hand  pump,  some  of  which 
are  so  designed  that  they  will  pump  only  measured  quantities  of 
the  1  quid. 


LESSON  FIVE 
THEORY  OF  CARBUR^TION  AND  ITS  APPLICATION 

Q.    What  is  combustion  a  manifestation  of? 

A.  Combustion  always  indicates  a  chemical  combination  be- 
tween certain  elements  which  have  a  great  attraction  or  affinity 
for  each  other. 

Q.    Is  combustion  always  rapid? 

A.     Combustion  may  be  very  slow  as  well  as  extremely  fast. 

Q.     Give  an  example  of  slow  combustion. 

A.  The  rusting  of  metals  or  the  rotting  of  wood,  cloth  and 
similar  materials  are  examples  of  slow  combustion. 

Q.    Give  an  example  of  rapid  combustion. 

A.  Burning  gas,  wood,  coal  or  oil  are  examples  of  rapid  com- 
bustion. 

Q.     Give  an  example  of  instantaneous  combustion. 

A.  The  explosion  of  gunpowder  or  of  the  compressed  gas  in  the 
automobile  engine  cylinder  may  be  considered  as  practically 
instantaneous  combustion. 

Q.     What  is  a  vacuum  and  could  anything  burn  in  vacuo? 

A.  A  vacuum  is  a  space  in  which  there  is  no  air  or  other  gas 
present.  A  vacuum  may  be  nearly  complete,  but  it  is  almost 
impossible  to  obtain  a  perfect  vacuum.  If  a  burning  candle  is 
placed  under  the  receiver  of  an  air  pump  and  the  air  exhausted 
from  the  chamber  in  which  the  candle  burns,  it  will  be  noticed 
that  as  the  degree  of  exhaustion  becomes  greater,  the  flame  bums 
dimmer  until  it  finally  goes  out. 

Q.     What  is  necessary  to  support  combustion? 

A.  Combustion  cannot  take  place  unless  air  or  the  element 
oxygen  of  which  it  is  partly  composed  is  present. 
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Q.    What  is  gasoline  composed  of? 

A.  Gasoline  is  composed  of  carbon  and  hydrogen.  The  former 
is  a  solid  material  while  the  latter  is  the  lightest  known  gas.  When 
combined  chemically,  owing  to  the  great  afiinity  that  exists  between 
them,  they  will  form  a  liquid  if  mixed  in  the  correct  proportions. 

Q.     How  much  of  each  element  is  there  in  gasoline? 

A.  The  ordinary  gasoline  used  for  fuel  is  said  to  contain  84% 
carbon  and  16%  hydrogen. 

Q.    What  is  air  composed  of? 

A.     Air  is  composed  of  oxygen  and  nitrogen. 

Q.    Which  element  supports  combustion? 

A.  The  oxygen  has  a  great  affinity  or  combining  power  with  the 
two  constituents  of  the  hydrocarbon  liquids,  and  it  is  the  oxygen 
which  supports  combustion.  Nitrogen  is  an  inert  gas  that  is  mixed 
with  the  air  in  order  to  act  as  a  deterrent  and  prevent  too  rapid 
combustion. 

Q.     How  much  oxygen  is  needed  to  burn  carbon? 

A.  One  pound  of  carbon  requires  two  and  one  third  poimds  of 
oxygen  to  insure  its  combustion. 

Q.  How  much  air  is  needed  to  bum  a  given  weight  of  car- 
bon? 

A.  As  air  is  composed  of  one  part  of  oxygen  to  three  and  one 
half  portions  of  nitrogen  by  weight,  for  each  pound  of  oxygen  one 
needs  four  and  one  half  pounds  of  air.  It  requires  about  ten  pounds 
of  air  to  burn  one  pound  of  carbon. 

Q.     Has  air  any  weight? 

A.  While  one  does  not  consider  air  as  having  much  weight,  four- 
teen cubic  feet  of  air  at  a  temperature  of  62  degrees  F.  will  weigh 
about  a  pound. 

Q.  How  much  oxygen  is  needed  to  burn  a  given  weight  of 
hydrogen? 

A.  One  pound  of  hydrogen  requires  8  pounds  of  oxjrgen  to  bum 
it.  This  means  that  6  pounds  of  air  will  be  needed  to  insure  com- 
bustion of  the  hydrogen  component  of  gasoline. 


116  Questions  and  Answers 

Q.  How  much  air  is  needed  theoretically  to  insure  the  com- 
bustion of  a  pound  of  gasoline? 

A.  In  order  to  secure  combustion  of  one  pound  of  gasoline  one 
should  provide  about  16  pounds  of  air;  10  pounds  of  air  is  needed  to 
bum  the  carbon  contents  and  about  6  pounds  to  insure  combustion 
of  the  hydrogen. 

Q.  How  much  air  is  .actually  supplied  to  burn  a  pound  of 
gasoline  ? 

A.  Owing  to  the  presence  of  the  inert  element  nitrogen  which  is 
the  main  constituent  of  air  and  which  acts  as  a  deterrent  of  burning, 
it  is  necessary  to  provide  more  than  the  200  cubic  feet  of  air  that 
theoretical  combustion  calls  for  and  to  allow  about  twice  this  amount. 
This  means  that  about  32  poimds  of  air  are  supplied  to  burn  one 
pound  of  gasoline. 

Q.  What  is  the  liquid  measure  equivalent  of  a  pound  of  gaso- 
line? 

A.  Approximately  1.25  pints  of  63  degree  Baum^  test  gasoline 
will  weigh  a  pound. 

Q.    What  is  carburetion? 

A.  In  order  to  be  explosive,  gasoline  vapor  must  be  combined 
with  definite  quantities  of  air.  Carburetion  is  the  process  of  mixing 
the  gasoline  vapor  and  air  in  proper  proportions  to  secure  rapid 
combustion.  Mixttu-es  that  are  rich  in  gasoline  ignite  quicker  than 
those  which  have  more  air,  but  these  are  only  suitable  when  starting 
or  when  running  the  engine  slowly,  as  they  are  very  wasteful  of  fuel. 
Mixtures  vary  from  1  part  of  gasoline  vapor  to  4  of  air,  to  others 
having  but  1  part  of  gasoline  vapor  to  13  of  air  can  be  ignited, 
but  the  best  results  are  obtained  when  the  proportions  are  1  to  5  or 
1  to  7,  as  these  mixttu-es  will  produce  the  highest  temperatures,  the 
most  effective  pressure  in  pounds  per  square  inch  of  piston  top  area 
and  the  quickest  explosion.  What  we  commonly  call  an  explosion 
is  merely  an  indication  that  the  oxygen  of  the  air  has  combined  with 
the  carbon  and  hydrogen  of  the  gasoline  rapidly  enough  so  that  this 
chemical  union  is  attended  by  heat.  The  power  produced  in  the 
automobile  engine  cylinder  is  really  due  to  a  rapid  chemical  com- 
bination. 
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Q.     Describe  a  number  of  ways  in  which  liquid  fuel  may  be 
mixed  with  air  to  form  an  inflammable  vapor, 

A.  Almost  any  device  which  permits  a  current  of  air  to  pass  over 
or  through  a  volatile  liquid  will  produce  a  gas  that  will  explode 
when  compressed  and  ignited  in  the  motor  cylinder.  In  some  car- 
bureting devices  the  entering  air  is  made  to  pass  over  the  surface  of 
wicks  saturated  with  liquid  gasoline  or  the  liquid  fuels  may  be  in- 
jected into  the  entering  ^r 
stream  in  the  form  of  a  fine 
spray  or  mist.  In  other  con- 
structions the  fuel  is  injected 
directly  into  the  engine 
cylinder. 

Q.     What    is  the   present 
accepted  method? 

A .  The  form  of  carbureting 
device  widely  used  at  the  pre- 
sent time  is  known  as  the 
spraying  type,  because  the 
fuel  is  drawn  out  of  a  8|and 
pipe  or  jet  in  a  fine  stream 
which  rapidly  becomes  a  mbt 
oi^  vapor  by  the  suction  effect 
of  the  entering  air  stream. 
The  advantage  of  this  con- 
struction is  that  a  thorough 
amalgamation  of  the  gasoline 
and  air  particles  is  obtained.  Fig.  61. — Section  of  Vertical  Cylinder 
The  primitive  forms  of  vapor-  ^"''  Injection  Engine, 

izers  in  which  the  air  stream  was  passed  over  or  through  the  high 
grade  or  very  volatile  gasoline  that  was  first  used  for  fuel,  would  be 
entirely  xmsuitable  for  use  today.  In  the  first  place  they  would  not 
carburete  the  lower  grades  of  gasoline  supplied  at  the  present  time. 
Mid  secondly,  they  could  not  supply  the  modern  high  speed  engine 
with  gas  of  the  proper  consistency  fast  enough  even  if  high  grade 
fuel  was  available. 
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Q.    Describe  the  Diesel  system. 

A.  A  aystem  of  fuel  supply  developed  by  Dr.  Diesel,  a  German 
chemiist  and  en^neer,  is  attracting  considerable  attention  at  the 
present  *ime  on  account  of  the  ability  of  the  Diesel  engine  to  bum 
low  grade  fuels  such  as  crude  petroleum.  In  this  system,  the  engines 
are  built  no  that  very  high  compressions  are  used,  and  only  pure  air 
is  taken  into  the  cylinder  on  the  induction  stroke.  This  is  com- 
pressed to  a  pressure  of  about  500  pounds  per  square  inch,  and  suf- 
ficient heat  is  produced  by  this  compresa'an  to  explode  a  hydro- 
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carbon  mixture.  As  the  air  which  is  compressed  to  this  high  point 
cannot  bum,  the  fuel  is  introduced  into  the  cylinder  head  under 
still  higher  compression  than  that  of  the  compressed  air,  ^nd  as  it  is 
injected  in  a  fine  stream,  it  is  immediately  vaporized  because  of  the 
heat.  Just  as  soon  as  the  compressed  air  becomes  thoroughly  sat- 
urated with  the  liquid  fuel,  it  will  explode  on  account  of  the  degree 
of  heat  present  in  the  combustion  chamber.    (Figs.  61,  62.) 

Q.    What  are  the  advantages  of  the  injection  method? 

A.  The  injection  method  of  fuel  supply  has  the  important  ad- 
vantage of  permitting  the  use  of  very  cheap  fuels  which  could  not  be 
utilized  in  ordinary  forms  of  vaporizers  on  accoimt  of  the  high  tem- 
perature needed  to  vaporize  them. 

Q.    What  are  the  disadvantages  of  injection  engines? 

A.  Owing  to  the  extremely  high  compression  employed  in  in- 
jection engines,  these  must  be  made  very  substantial  and  strong,  and 
this  principle  is  suitable  only  for  the  comparatively  slow  acting 
power  plants  of  the  stationary  or  marine  type.  An  injection  engine 
is  not  as  flexible  as  the  electrically  ignited  carburetor  supplied  pow- 
er plants  used  for  automobile  service,  and  this  fact  also  militates 
against  the  injection  principle  for  this  use. 


lESSON  SIX 

TYPES  OF  CARBURETORS  AND  THEIR  ACTION 

Q.    What  are  the  simplest  forms  of  carburetors? 

A.  The  old  patterns  of  evaporation  or  surface  carburetors  were 
the  simplest  forms  of  carburetion  devices  and  the  modified  device 
in  which  wicks  were  used  was  but.  slightly  more  complicated. 

Q.     Describe  action  of  evaporation  or  surface  type. 

A,  This  form  of  carburetor  consisted  of  a  simple  tank  or  contain- 
er for  the  liquid  and  the  air  was  drawn  in  and  across  the  surface  of 
the  gasoline  in  order  that  it  might  become  saturated  :with  the  vapors 
constantly  present  at  that  pont.  These  rich  gases  were  drawn  into 
the  engine  through  a  simple  form  of  mixing  valve  which  permitted 
the  entrance  of  an  auxiliary  supply  of  air  from  the  outside  of  the 
container  to  dilute  the  rich  gas  and  make  it  of  a  proper  composition 
to  insure  energetic  combustion. 

Q.     Describe  action  of  wick  type  vaporizer. 

A.  The  wick  form  cf  carburetor  is  essentially  the  same  in  con- 
struction as  the  simpler  surface  type  except  that  the  mixing  compart- 
ment through  which  the  air  flows  is  separated  from  the  fuel  contain- 
ing portion  by  means  of  a  wall  of  absorbent  material,  such  as  wicks, 
which  feed  the  gasoline  up  into  the  mixing  compartment  by  capil- 
lary attraction  and  by  spreading  it  over  more  surface  make  it  easier 
for  the  air  stream  passing  over  the  wicking  to  pick  up  gasoline  vapor. 

Q.     Describe  action  of  bubbling  type  carburetor. 

A.  The  bubbling  type  differs  from  the  other  simple  forms  pre- 
viously described  in  that  the  air  enters  at  the  bottom  of  the  device 
and  bubbles  through  the  liquid  to  reach  the  mixing  chamber  from 
which  it  is  drawn  to  the  engine  cylinder. 
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Q.     Name  objections  to  these  forms. 

A.  Devices  of  the  nature  previously  considered  had  great  de- 
fects which  would  militate  against  their  general  adoption  at  the 
present  day.  They  are  only  suitable  for  use  in  conjunction  with  high 
grade  gasoline  which  has  high  evaporating  value.  It  is  doubtful  if 
they  would  give  satisfactory  results  with  the  low  grade  fuels  avail- 
able today.  In  many  cases  these  devices  were  as  large  as  the  cylinder 
of  the  motor  to  which  they  were  applied,  and  this  factor  would  also 
be  considered  a  disadvantage. 

Q.    What  is  the  principle  of  spraying  carburetor  action? 

A.  The  spraying  form  of  carburetor  was  evolved  to  eliminate  one 
of  the  great  disadvantages  present  with  the  simple  evaporation  types. 
As  these  were  used,  the  fuel  contained  therein  became  heavier,  be- 
cause only  the  lighter  and  more  volatile  constituents  evaporated. 
After  a  motor  had  been  running  for  some  time,  it  was  necessary  to 
drain  out  the  residue,  and  admit  a  supply  of  fresh  fuel  from  the  main 
container,  because  the  heavy  matter  left  after  the  more  volatile 
vapors  had  passed  into  the  engine  could  not  be  vaporized  by  an  air 
stream  merely  brushing  over  its  surface  or  passing  through  it.  In  the 
spraying  type  of  carburetor  the  fuel  is  drawn  into  the  entering  air 
stream  through  a  small  jet  or  stand  pipe  which  causes  it  to  issue  into 
the  form  of  a  spray  which  soon  turns  into  vapor.  With  the  spray- 
ing principle  every  parjbicle  of  the  fuel  is  used  because  the  heavier 
portions  are  sprayed  into  the  air  stream  at  the  same  time  that  the 
lighter  constituents  are,  and  as  the  liquid  enters  the  air  stream  in  a 
finely  divided  state  or  as  a  mist  it  is  almost  immediately  vaporized 
and  turned  into  an  explosive  gas. 

Q.     Describe  a  simple  mixing  valve. 

A.  A  simple  form  of  mixing  valve  consists  of  a  brass  body  por- 
tion having  three  outlets.  The  largest  of  these,  which  serves  as  the 
main  air  entrance,  is  normally  closed  by  a  mushroom  valve  which  is 
held  against  its  seat  by  means  of  a  coiled  spring  in  such  a  way  that 
it  can  only  open  when  acted  on  by  the  suction  of  the  engine.  The 
fuel  is  connected  to  the  device  at  a  point  where  a  small  passage 
leads  from  the  fuel  inlet  to  the  poppet  valve  seat.  Whenever  the 
valve  is  closed,  the  fuel  spray  opening  .is  covered  by  the  valve  and 
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the  fuel  cannot  flow.  The  third  openmg  f onns  an  outlet  for  the  mix- 
ture and  is  connected  to  the  engine.  The  action  of  a  device  of  this 
kind  is  easily  understood.  Every  time  the  piston  of  the  engine 
draws  in  a  charge  of  air,  it  lifts  the  mushroom  valve  from  its  seat 
and  a  small  quantity  of  liquid  fuel  is  injected  into  the  air  stream  as 
it  brushes  over  the  small  orifice  in  the  valve  seat  through  which  the 
liquid  issues.  The  liquid  spray  and  air  become  mixed  together  in 
the  body  of  the  device  and  flow  to  the  engine  in  the  form  of  an  ex- 
plosive mixture. 

Q.     How  are  mixture  proportions  regulated? 

A.  As  a  general  rule  the  amount  of  gasoline  supplied  may  be 
regulated  by  a  small  needle  valve  controlled  by  a  knurled  thumb 
nut  while  the  air  supply  may  be  altered  by  controlling  the  lift  of 
the  air  valve  by  suitable  means. 

Q.     Name  defects  of  simple  mixing  valves. 

A.  One  of  the  most  importi:nt  disadvantages  of  the  simple  mixing 
VUlve  is  that  it  does  not  provide  as  good  a  mixture  as  modem  high 
speed  engines  demand,  because  it  does  not  vaporize  all  of  the  liquid, 
and  some  of  the  fuel  is  present  in  liquid  form  until  taken  into  the  hot 
cylinder.  At  low  engine  speeds  particles  of  liquid  fuel  will  adhere 
to  the  walls  of  the  manifold  and  when  the  engine  speed  is  augmented 
and  the  velocity  of  the  gases  passing  through  the  manifold  increases, 
the  air  stream  picks  up  some  of  the  liquid  previously  deposited  in 
the  inlet  pipe  and  the  result  is  a  mixture  excessively  rich  in  fuel  is 
supplied  the  motor.  Another  disadvantage  is  that  after  the  device 
has  been  in  use  for  a  time  the  air  valve  might  wear  its  seat  enough  so 
that  it  does  not  prevent  the  gasoline  from  running  out  all  the  time 
and  flooding  the  air  inlet  opening  with  the  liquid. 

Q.     What  is  a  float  feed  carburetor? 

A.  A  float  feed  carburetor  is  a  device  in  which  the  fuel  is  main- 
tained at  a  certain  level  in  a  stand  pipe  or  jet.  This  level  is  so  pro- 
portioned that  the  liquid  does  not  overflow  the  stand  pipe,  and  thus 
the  fuel  will  be  sprayed  into  the  mixture  only  when  drawn  out  of 
the  jet  or  nozzle  by  means  of  the  air  stream  induced  by  engine  suc- 
tion. The  level  in  the  spray  nozzle  is  maintained  by  a  simple  auto- 
matic valve  mechanism  in  which  a  float  controls  the  admission  of 
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fuel  to  the  device.    The  essential  elements  of  a  simple  form  of  float 
feed  carburetor  are  clearly  outlined  at  Fig.  63, 

Q.     Name  two  important  parts  of  the  float  feed  carburetor. 

A,  All  float  feed  carburetors  are  composed  of  two  separate  cham- 
bers or  compartments,  one  of  which  is  called  the  mixing  cbamtier 
and  the  other  the  float  chamber. 

Q.     What  13  the  mixing  chamber? 

A.  The  mixing  chamber  is  the  portion  of  the  carburetor  in  which 
the  spray  nozzle  is  placed  and  through  which  the  air  stream  passes 
before  it  can  reach  the  inlet  manifold. 

Q.     What  13  the  float  chamber? 

A.  The  float  chamber 
is  that  part  of  the  car- 
buretor to  which  the  fuel 
is  first  admitted  and 
which  serves  as  a  con- 
tainer for  the  float  which 
regulates  the  level  of  fuel 
in  the  atandpipe.  When- 
ever the  fuel  level  falls, 
the  float  which  is  sup- 
ported by  the  liquid  falls 
and  opens  a  valve  which 
permits  more  of  the 
liquid  to  flow  into  the 
float  bowl  from  the  main 
fuel  container.  When  the 

level  reaches  the  proper  height  the  float  shuts  the  valve  and  the 
fuel  supply  is  stopped, 

Q.    What  are  floats. made  of? 

A.  The  float  may  be  solid  and  composed  of  some  light  substance 
that  will  float  in  the  liquid  or  it  may  be  of  hollow  metal  of  any  form 
that  will  displace  more  than  its  weight  of  fuel.  Corli  is  the  material 
generally  used  for  solid  floats,  while  sheet  copper  or  brass  serves 
for  the  ho'low  members. 


Fig.  63.- 
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Q.  How  many  methods  of  mixing  chamber  placing  relative 
to  float  chamber  prevail? 

A.  There  are  two  common  arrangements  of  the  float  and  mixing 
chambers  as  outlined  at  Fig.  64.  In  one,  the  float  chamber  is  carried 
at  one  side  of  the  mixing  compartment,  while  in  the  other  the  float 
chamber  ia  concentric  with  and  surrounds  the  mixing  chamber. 

Q.     What  are  the  advantages  of  the  concentric  design? 

A.  When  a  float  bowl  is  carried  at  the  side  of  the  mixing  chamber 
the  level  in  the  jet  will  vary  except  when  the  device  is  absolutely 
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level.  If  the  float  chamber  is  in  front  of  the  mixing  chamber  when 
climbing  a  grade,  it  will  tend  to  cause  flooding,  because  it  is  tilted 
higher  than  the  spraying  nozzle  top.  When  descending  a  hill  the 
conditions  are  reversed  and  the  fuel  level  in  the  spray  nozzle  will  be 
too  low  and  not  enough  liquid  will  be  sprayed  into  the  mixture. 
With  the  concentric  design,  where  the  spray  nozzle  is  carried  at 
a  central  point  of  the  carburetor,  no  reasonable  amount  of  tilting 
will  alter  the  level  of  liquid  at  that  point  appreciably.  The  con- 
centric construction  is  preferred  because  it  tends  to  promote  uni- 
formity of  mixture  proportions  under  all  conditions  of  car  oper- 
ation. 
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Q.     What  is  the  Venturi  tube  mixing  chamber? 

A.  A  Venturi  tube  mixing  chamber  of  conventional  design  is 
clearly  outlined  at  Fig.  66.  In  this  it  will  be  noticed  that  the  mix- 
ing chamber  is  constricted  at  a  point  approximately  in  line  with  the 
top  of  the  jet.  This  insures  a  high  velocity  of  air  past  the  top  of 
the  spray  nozzle  even  at  low  engine  speed.  With  a  straight  mixing 
chamber  the  speed  of  the  entcr'ng  air  stream  at  low  engine  speed 
might  not  be  sufficient  to  pick  up  enough  fuel  to  form  an  explosive 
mixture.  Constricting  the  tube  at  the  proper  point  means  that  the 
air  velocity  will  always  be  sufficient  to  draw  a  full  supply  of  liquid 
from  the  spray  nozzle. 
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Q.     What  is  an  automatic  carburetor  and  why  is  it  needed? 

A.  Whenever  a  Venturi  tube  construction  is  employed  to  se- 
cure greater  air  velocity  at  low  speed  it  is  apparent  that  at  high 
engine  speed  the  air  velocity  might  be  great  enough  to  draw 
more  fuel  than  was  actually  needed  into  the  engine  cylinder.  This 
would  mean  that  the  excessively  rich  mixture  provided  at  high 
engine  speed  would  cause  overheating  and  waste  fuel  and  a  com- 
paratively thin  mixture  at  low  engine  speed  would  interfere  with 
prompt  starting.  In  actual  practice  these  conditions  should  be  re- 
versed.   The  rich  mixture  is  only  necessary  for  starting  while  a  much 
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Pig,  67. Typical   Concentric   Float   Carburetor   With   Poppet  Valve 

Controlling  Auxiliary  Air  Supply. 
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thinner  mixture  or  one  containlDg  a  larger  proportion  of  air  can  be 
used  to  advantage  at  high  engine  speed.  The  automatic  form  of 
carburetor,  which  is  the  type  generally  used  to-day,  provides  for 
the  introduction  of  an  auxiliary  supply  of  air  through  a  separate, 
opening  that  will  dilute  the  excessively  rich  mixture  obtained  at 
higher  speed  and  make  it  more  suitable  as  a  combustible  gas. 
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Fig.  68. — Two  Jet  Carburetor  of  Simple  Design. 

Q.     How  may  auxiliary  air  be  admitted  to  the  carburetor? 

A.  The  auxiliary  air  passage  may  be  controlled  by  any  form  of 
automatic  valve.  In  the  design  shown  in  Fig.  67,  the  air  is  admitted 
by  means  of  an  ordinary  spring  seated  mushroom  or  poppet  valve. 
The  spring  tension  is  so  proportioned  that  the  vaive  will  open  only 
on  medium  and  high  engine  speeds,  at  which  times  the  suction  is 
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greater  than  that  previulirg  at  low  speed.  The  aimliary  air  passages 
are  sometiitaes  controlled  by  means  of  reeds  which  open  progress 
Ively  as  more  auxiliary  air  is  needed  or  by  a  series  of  balls  which 
close  the  auxiliary  air  ports.  The  strength  of  the  reeds  or  the  weight 
of  the  balls  may  be  varied  so  the  air  passages  will  open  progress- 
ively and  admit  more  tar  as  the  demands  increase. 
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■  Q.     What  is  a  multiple  jet  carburetor? 

A.  A  simple  form  of  multiple  jet  carburetor  is  shown  at  Fig.  68. 
In  a  device  of  thb  character,  two  or  more  spray  nozzles  are  used 
instead  of  a  single  jet.    The  arrangement  is  usually  such  that  the 
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primary  nozzle  is  used  at  low  speed  while  the  secondary  nozzle 
is  brought  in  action  at  higher  speed  when  more  fuel  is  heeded.  In 
some  types  the  arrangement  is  such  that  the  primary  nozzle  acts 
only  at  low  speed  while  the  secondary  nozzle  supplies  gasoline  only 
at  high  speed.  In  other  multiple  jet  carburetors,  the  nozzles  are 
brought  into  action  progressively  when  the  throttle  is  opened  to 


Fig.  70.— Sectional    View    of    Plafihard    Carburetor    Showing    Fuel 
Supply  Regulating  Needle. 


such  a  point  that  the  primary  nozzle,  which  has  a  small  spraying 
orifice,  cannot  supply  fuel  enough;  then  the  secondary  nozzle  is 
brought  into  action  and  contributes  its  quota  of  liquid  to  compen- 
sate for  the  augmenting  demand  of  the  engine. 
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Q.     How  is  the  simple  type  of  carburetor  adjusted? 

A.  In  the  simplest  forms  of  carburetors,  the  amount  of  gasoline 
or  other  fuel  supplied  the  mixture  can  be  altered  only  by  changing 
spray  nozzles  until  one  having  the  proper  size  hole  to  suit  the  con- 
ditions then  prevailing  is  found.  On  some  types,  a  slight  degree 
of  adjustment  is  provided  by  altering  the  float  level,  while  in  others 
the  main  or  auxiliary  air  supply  is  varied. 

Q.     How  are  gasoline  proportions  usually  regulated? 

A.  In  most  of  the  carburetors  that  have  received  general  appli- 
cation, such  as  the  types  outlined  at  Figs.  69  and  70,  the  spray 
nozzle  orifice  is  controlled  by  a  needle  valve  which  may  be  used  to 
regulate  the  amount  of  gasoline  entering  the  air  stream. 

Q.     How  is  the  amount  of  air  varied? 

A.  In  some  forms  of  carburetors  no  provision  is  made  for  alter- 
ing the  amount  of  air  supplied  the  mixture.  This  is  usually  the  case 
in  those  forms  where  the  auxiliary  air  supply  ports  are  controlled 
by  a  series  of  reeds  or  balls.  In  the  types  where  one  valve  regulates 
the  auxliary  air  supply,  the  amount  of  air  may  be  varied  by  in- 
creasing or  decreasing  the  spring  tension  or  by  regulating  the  lift 
of  the  valve. 

Q.     How  can  one  tell  when  the  mixture  is  not  correct? 

A.  There  are  two  methods  of  determining  poor  mixture.  If 
the  engine  action  is  irregular  and  the  trouble  is  not  due  to  ignition, 
or  to  defective  motor  parts,  it  can  be  ascribed  to  faulty  carbure- 
tion.    The  exhaust  gas  also  indicates  if  the  mixture  is  too  rich. 

Q.  How  can  one  tell  when  there  is  too  -much  gasoline  in 
mixture  bv  motor  action? 

A.  An  excess  of  fuel  in  the  mixture  will  tend  to  make  the  motor 
overheat  and  be  sluggish  in  action. 

Q.  What  indicates  an  excess  of  gasoline  in  the  mixture  at 
the  exhaust? 

A.  Clouds  of  black  smoke  issuing  from  the  muffler  or  a  foul 
smelling  exhaust  indicates  that  too  much  gasoline  is  present  in  the 
mixture.  When  there  is  an  excess  of  liquid  fuel  and  combustion 
is  poor,  the  exhaust  gases  in  addition  to  smelling  very  strong,  will 
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have  a  tendency  to  affect  the  eyes  of  a  person  standing  in  the  path 
of  the  discharging  gas. 

Q.  What  do  clouds  of  white  or  gray  smoke  at  the  muffler 
indicate? 

A.  White  or  bluish  white  smoke  means  that  too  much  lubri- 
cating oil  is  being  used,  while  gray  smoke  indicates  that  in  addition 
to  a  surplus  of  lubricating  oil,  there  is  too  much  gasoline  in  the 
mixture. 
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Q.     What  shows  an  excess  of  air  in  the  mixture? 

A.    The  most  common  symptom  denoting  an  excess  of  air  is  pop- 
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ping  back  in  the  carburetor,  and  loss  of  engine  power  even  if  there 
are  no  popping  sounds. 

Q.     When  are  the  exhaust  gases  visible? 

A.  The  exhaust  gas  as  it  issues  from  the  end  of  the  manifold  or 
through  the  muffler  cut-out  fitting  is  clearly  visible  after  dark. 

Q.     What  color  is  the  exhaust  gas  when  mixture  is  correct? 

A,  If  combustion  is  good  the  exhaust  gas  will  be  almost  color- 
less Mid  have  the  bluish  tinge  that  is  present  in  the  flame  of  a  ga' 
burner  of  the  Bunsen  type  or  blue  flame  oil  burner. 
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Q.     What  color  is  the  exhaust  flame  when  there  is  too  much 
gasoline? 

A.  If  the  exhaust  gases  are  reddish  in  color,  it  indicates  a  sur- 
plus of  fuel. 

Q.  What  color  is  the  exhaust  when  there  is  too  much  air  in 
the  mixture? 

A.  The  exhaust  flame  is  yellow  in  color  when  there  is  an  insuf- 
ficient amount  of  gasoline  in  the  mixture. 

Q.     What  is  the  advantage  of  water- jacketing  a  carburetor? 

A.  It  is  very  desirable  to  water  jacket  the  float  bowl  of  the  car- 
buretor and  the  mixing  chamber  and  to  pass  some  of  the  cooling 
water  from  the  cylinders  through  this  jacket.  The  heat  assists  in 
vaporizing  the  liquid  and  makes  more  uniform  mixture  proportions. 

Q.     Why  is  it  desirable  to  supply  hot  air  to  a  mixture? 

A.  In  many  cases  the  main  air  supply  is  taken  from  a  point  near 
the  exhaust  manifold  so  that  only  heated  air  is  drawn  into  the  car- 
buretor. The  advantage  of  using  heated  air  is  that  it  is  more  suit- 
able for  use  with  low  grade  fuels  which  do  not  evaporate  readily 
than  cold  air.  The  warm  air  tends  to  vaporize  the  liquid,  whereas 
cold  air  tends  to  condense  the  vapor. 

Q.  How  are  low  grade  fuels  utilized  with  conventional  vapor- 
izers? 

A.  There  are  two  methods  of  using  carburetors  of  the  design 
adapted  for  gasoline  with  the  lower  grade  fuels  such  as  kerosene.. 
These  are  outlined  at  Figs.  72  and  73.  In  the  former,  in  addition 
to  pre-heating  the  fuel  by  a  water  jacket  around  the  float  bowl,  a 
spray  of  water  is  injected  into  each  gas  charge.  The  fimction  of 
the  liquid  is  to  turn  into  steam  from  the  heat  of  the  explosion, 
liberating  oxygen  which  combines  with  the  surplus  carbon  and 
tends  to  make  combustion  more  perfect. 

At  Fig.  73,  a  carburetor  intended  for  use  with  either  kerosene 
or  gasoline  is  shown.  The  supply  pipes  from  both  gasoline  and  ker- 
osene tanks  are  led  to  a  common  fitting  or  valve  which  can  be  turned 
so  that  either  liquid  will  be  supplied  the  float  chamber.  When 
gasoline  is  used,  the  mixture  flows  directly  to  the  cylinder  because 
the  supplementary  throttle  is  moved  in  such  a  position  that  the 
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Fig.  73. — Sectional  View  of  Woolsely  Two-Fuel  Carburetor  Which  is 
Adapted  to  Vaporize  Either  Gasoline  or  Less  Volatile  Fuels  Such 
as  Kerosene. 


mixture  is  not  forced  through  the  fuel  gas  vaporizing  coil,  but  passes 
right  into  the  cylinder  through  the  main  throttle  and  gas  outlet. 
When  kerosene  is  employed,  however,  it  is  necessary  to  heat  the 
vapor  to  insure  thorough  vaporization.  The  supplementary  throttle 
is  then  moved  out  in  such  a  way  that  the  fuel  gas  must  pass  through 
the  vaporizing  coils  which  are  surrounded  by  the  hot  exhaust 
gases  before  they  are  drawn  into  the  cylinders. 
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Q.  Describe  the 
G.  C  kerosene  va- 
porizer, and  ex- 
plain its  action. 

A.  The  general 
artangement  of 
parts  of  G.  C 
kersoene  vapor- 
izer ia  illustrated 
atFig.73-a.  This 
device  has  been 
in  use  in  England 
for  nearly  two 
years  and  has 
been  applied  with 
success  on  com- 
mercial vehicles, 
motor  boats  and 
stationary  en- 
gines. An  a  d  - 
vantt^e  is  that 
this  type  of  kero- 
sene vaporizer 
does  not  interfere 
in  any  way  with 
the  design  or  con- 
struction o  f  t  h  e 
motor  which  re- 
tains the  usual 
gasoline  carbure- 
tor. This  is  em- 
ployed for  start- 
ing purposes,  and 
the  engine  is  run 
on  gasoline  imtil 
sufficient  heat  is 
obtained    to    va- 
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porize  the  heavy  fuel.  The  desired  temperature  for  vaporizmg 
the  kerosene  may  be  attained  after  motor  operates  five  or  six 
minutes.  As  the  heavy  fuel  mixture  is  conveyed  to  the  intake 
manifold  above  the  regular  form  of  carburetor,  it  is  possible  to 
use  either  fuel  independently  and  run  the  motor  on  one  fuel  should 
the  supply  of  the  other  become  exhausted. 

The  G.  C.  vaporizer  replaces  the  conventional  muffler,  and  the 
exhaust  gases  are  led  to  it  from  the  motor,  so  the  heat  usually 
wasted  is  utilized  for  aiding  in  vaporizing  the  heavy  fuels.  The  ex- 
haust gases  pass  through  the  central  portion  of  the  vaporizer  and 
during  their  passage  they  heat  up  a  triple  layer  of  small  fragments 
of  cast  iron  through  which  a  horizontal  pipe  extends  containing  the 
fuel  to  be  vaporized.  Atmospheric  air  is  drawn  through  the  vapor- 
izer at  the  same  time  from  another  opening,  and  as  this  mixes  with 
the  kerosene  vapor,  the  cylinders  are  fed  with  a  homogeneous  gas. 
The  amount  of  kerosene  entering  the  vaporizer  is  automatically 
regulated  by  the  motor  suction  and  the  supply  increases  in  propor- 
tion to  the  motor  speed  because  the  degree  of  vacuum  in  the  cylin- 
ders depends  on  the  amount  of  throttle  opening.  The  kerosene 
supply  pipe  goes  to  a  float  chamber  communicating  with  the  vapor- 
izer by  an  independent  p  pe.  The  mixture  from  the  vaporizer  goes 
to  the  intake  manifold,  through  a  long  fuel  supply  pipe,  the  motor 
end  of  which  is  fitted  with  an  auxiliary  air  mixing  valve  and  a  throt- 
tle for  regulating  the  amount  of  gas  going  to  the  cylinder. 

The  adjustments  are  very  simple,  and  once  the  vaporizer  is  in- 
stalled it  is  claimed  that  it  requires  no  further  attention.  If  the 
motor  shows  evidence  of  smoking,  the  adjustment  A  of  the  auxiliary 
air  valve  is  moved  in  the  direction  of  the  arrow  D,  If  the  engine 
back-fires  because  the  mixture  is  too  thin,  the  adjusting  screw  A 
is  screwed  in  the  direction  of  C.  The  low  speed  adjustment  is  ob- 
tained by  the  screw  B,  which  is  moved  in  the  direction  a  if  the  motor 
smokes  and  toward  b  for  back-firing.  The  amount  of  kerosene 
entering  the  vaporizer-silencer  may  be  regulated  by  moving  the 
screw  E  on  the  float  chamber  in  the  direction  e  for  smoking,  and  in 
direction  /  if  the  motor  back-fires. 

It  is  claimed  that  this  device  permits  the  use  of  other  fuels  besides 
kerosene,  as  it  has  operated  successfully  on  alcohol,  heavy  petro- 
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leuii,  and  very  low  grade  kerosene,  commonly  called  "distillate. " 
When  properly  adjusted,  it  is  advanced  that  the  consumption  of 
kerosene  is  about  20%  less  than  gasoline  needed  for  the  same  power 
output.  To  start  a  motor  employing  this  system  it  is  necessary  to 
close  the  kerosene  throttle  entirely  and  to  start  the  motor  on  the 
gasoline  carburetor  and  regulate  its  speed  for  five  to  ten  minutes  by 
the  gasoline  throttle  at  the  lower  portion  of  the  intake  manifold. 
When  it  is  desired  to  operate  on  kerosene,  the  gasoline  throttle  is 
gradually  closed  and  the  kerosene  gas  controlling  throttle  is  gradually 
opened  until  the  motor  is  running  on  the  kerosene  mixture. 
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Q.     What  else  may  be  done  to  use  kerosene? 

A.  Some  forms  of  two-cycle  motors  use  kerosene  by  the  method 
outlined  at  Fig.  74.  When  the  air  is  transferred  from  the  engine 
base  where  it  has  been  compressed,  a  portion  of  the  air  stream  is 
deflected  through  a  by-pass  to  the  top  of  the  float  bowl  so  that  the 
liquid  contained  therein  is  placed  under  pressure.  This  pressure 
causes  a  certain  amount  of  the  fuel  to  spray  through  the  spray  pipe 
or  nozzle  placed  at  the  top  of  the  cylinder  by-pass  passage  and  a 
stream  of  kerosene  is  injected  into  the  entering  air  stream  and  vapor-' 
ized.  With  either  of  these  systems  it  is  not  possible  to  start  directly 
on  kerosene;  it  is  necessary  to  run  the  engine  on  gasoline  until  it 
becomes  hot  enough  to  evaporate  the  less  volatile  liquid  fuel.  With 
the  carburetor  shown  at  Fig.  73,  it  is  a  relatively  simple  matter  to 
change  from  one  fuel  to  the  other.  With  the  injection  system  shown 
at  Fig'.  74,  the  float  bowl  may  be  filled  with  gasoline  directly  from 
the  gasoline  tank  with  the  valve  handle  in  the  position  shown  by 
the  dotted  line,  and  when  the  valve  handle  is  straight  up  the  gasoline 
inlet  is  shut  off  and  the  fuel  supply  is  through  the  kerosene  inlet. 

Q.  What  becomes  of  the  burnt  gases  when  they  are  dis- 
charged from  the  engine? 

A.  After  the  burnt  gases  pass  out  of  the  cylinder,  they  pass 
through  the  exhaust  manifold  and  exhaust  pipe  to  the  muffler. 

Q.    What  is  a  muffler? 

A.  A  muffler  is  a  simple  device  designed  to  silence  the  gases 
as  they  issue  from  the  engine  before  they  pass  to  the  outer  air  with 
as  little  loss  of  power  due  to  back  pressure  as  possible. 

Q.  Why  is  it  imperative  that  as  little  back  pressure  exist  in 
muffler  and  exhaust  piping  as  possible? 

A.  When  the  gases  are  discharged  through  the  open  exhaust 
valve,  their  pressure  is  approximately  40  pounds  per  square  inch, 
and  if  the  muffler  and  exhaust  piping  offers  a  decided  resistance  to 
their  passage  to  the  outer  air,  there  will  be  a  negative  pressure 
equivalent  to  that  exerted  by  the  exhaust  gases  that  will  tend  to 
prevent  the  piston  coming  to  the  top  of  its  scavenging  stroke.  This 
would  mean  that  considerable  force  or  power  would  be  utilized  in 
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expelling  the  exhaust  gases  that  could  be  employed  to  much  better 
advantage  in  propelling  the  car. 

Q.    What  is  a  muffler  cut-out  valve? 

A.  The  muffler  cut-out  valve  is  a  fitting  interposed  between 
the  exhaust  manifold  and  the  muffler  in  such  a  way  that  it  can  be 
operated  to  allow  the  exhaust  gases  to  escape  directly  to  the  air 
from  the  manifold  without  passing  through  the  muffler. 

Q.  How  is  a  muffler  cut-ou^  valve  operated  and  what  advan- 
tage does  it  offer? 

':  A.  The  muffler  cut-out  valve  is  usually  operated  by  a  simple 
pedal  that  can  be  pressed  down  by  the  toe  or  heel  of  the  foot  and 
locked  in  the  open  position.  A  muffler  cut-out  offers  several  advant- 
ages, the  most  important  being  that  it  permits  the  motorist  to  listen 
to  the  explosions  to  see  that  they  follow  in  regular  sequence  and 
also  to  relieve  any  back  pressure  due  to  the  muffler  when  all  the  engine 
power  is  needed  as  in  high  speed  work  and  hill  climbing. 

Q.     Can  a  muffler  be  both  silent  and  efficient? 

A.  Mufflers  of  modem  construction  offer  but  little  back  pressure 
and  are  silent  enough  so  that  nothing  but  a  barely  perceptible  hiss- 
ing noise  is  heard  when  the  engine  is  running. 

Q.    Describe  method  of  silencing  the  exhaust  in  a  muffler. 

A.  A  muffler  consists  of  a  series  of  compartments  in  which  the 
gases  are  allowed  to  expand  and  as  they  increase  in  volume  their 
pressure  is  reduced.  The  exhaust  passes  from  one  compartment  of 
the  muffler  to  the  neighboring  one  through  a  series  of  holes  which 
break  up  the  main  stream  into  a  number  of  smaller  streams,  this 
cooling  the  gases  and  reducing  the  pressin-e  until  it  is  but  slightly 
greater  than  that  of  the  air.  The  ideal  muffler  would  be  one  that 
would  discharge  the  gases  only  when  their  pressure  had  been  re- 
duced to  such  a  low  point  that  there  would  only  be  difference  enough 
between  the  exhaust  gas  and  atmospheric  pressure  to  insure  clear- 
ing out  the  muffler. 


LESSON  SEVEN 

HOW  GAS  IS  EXPLODED  IN  CYLINDER  TO  PRODUCE 

POWER 

Q.     How  can  explosive  gas  in  cylinder  be  exploded? 

A.  The  compressed  gas  in  the  motor  cylinder  may  be  exploded 
by  setting  fire  to  it  by  the  application  of  heat. 

Q.    When  is  the  charge  fired? 

A.  The  charge  is  exploded  when  the  piston  reaches  the  end  of 
its  compression  stroke  or  at  top  position  and  just  prior  to  the  in- 
ception of  the  power  stroke.. 

Q.     Name  some  early  methods  of  exploding  the  gas. 

A.  The  gas  charge  was  exploded  on  early,  slow  speed,  low  com- 
pression motors  by  means  of  a  naked  flame,  hot  tube  or  hot  head. 

Q.    Describe  objections  to  open  flame  method. 

A.  The  open  flame  method  was  suitable  only  for  use  on  the  very 
early  engines  that  did  not  compress  the  charge  before  ignition.  The 
flame  burned  outside  of  the  combustion  chamber,  and  at  the  proper 
time  for  firing  the  charge,  a  small  slide  or  valve  permitted  the 
flame  to  communicate  with  the  contents  of  the  combustion  chamber 
and  explode  them.  The  chief  ob j  ections  were  imcertainty  of  ignition, 
as  many  explosions  were  missed,  blowing  out  of  the  flame  and  dif- 
ficulty of  using  the  flame  with  even  small  degrees  of  compression. 

Q.    Outline  hot  tube  method. 

A.  The  hot  tube  was  an  improvement  on  the  naked  flame,  and 
consisted  of  a  simple  porcelain  or  metal  tube  which  was  heated  by 
a  flame  burning  outside  of  the  cylinders.  Two  types  of  hot  tubes  are 
indicated  at  Fig.  75,  while  the  method  of  installation  can  be  readily 
ascertained  by  examining  the  diagram  at  Fig.  75-A.  As  the  gas  was 
exploded  by  means  of  the  heat  of  the  tube  and  the  naked  flame  did 
not  communicate  directly  with  the  interior  of  the  combustion 
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chamber,  the  objectionfi  advanced  against  the  simpler  open  flame 
ignition  were  eliminated  to  a  degree. 

Q.    Where  is  this  method  still  used? 

A.  The  hot  tube  method  of  ignition  is  still  utilized  in  some 
fonns  of  stationary  engines  using  crude  oil  as  fuel. 

Q.     What  is  the  hot  head  method  of  ignition? 

A.    The  hot  head  method  of  ignition  which  is  outlined  at  B, 


Fig.  75.— Showing  Construction  of  Hot  Tube  Formerly  Used  in  Ignit- 
ing Gases  in  Automobile  Cylinders  But  Now  Confined  to  I^rge 
Stationary  Engines  Employing  Low  Grade  PueL 

Fig.  75-A  and  also  at  Fig.  76,  b  a  modification  of  the  hot  tube  method, 
inasmuch  as  a  certain  portion  of  the  cylinder  head,  usually  in  the 
form  of  a  hollow  ball,  is  heated  by  the  flame  of  a  torch  in  order 
to  get  hot  enough  to  start  the  engine.  After  the  engine  had  been 
running  for  a  few  minutes  the  external  source  of  heat  could  be  re- 
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moved  and  enough  heating  effect  would  be  obtained  from  the  high 
temperature  of  the  exploding  charges  to  maintain  the  heat  of  the 
head.    . 

Q.  What  is  the  main  objection  to  the  ignition  methods  pre- 
viously named? 

A.  One  of  the  main  disadvantages  of  the  open  flame,  hot  tube, 
and  hot  head  methods  of  ignition  which  they  share  in  common,  was 
that  considerable  difficulty  obtained  in  attempting  to  vary  the  time 
of  ignition  and  obtain  some  degree  of  engine  control  by  this  means. 


Fig.  75A. — Diagrams 
Charge  by  Heat. 


Outlining    Principal    Methods     of    Exploding 
Af— Hot  Tube  System.     B— Hot  Bulb  Method. 


Q.     How  can  gas  charge  be  exploded  by  electrical  means? 

A.  Three  methods  of  producing  heat  by  electric  current  have 
been  used.  These  are  outlined  at  Fig.  76-A.  The  diagram  at  A 
shows  the  first  electrical  ignition  system  in  which  a  coil  of  wire  was 
inserted  in  the  cylinder  and  heated  by  passing  a  current  of  electricity 
through  it  until  it  was  hot  enough  to  explode  the  compressed  gas. 
A  defect  of  this  method  of  igntion  was  the  rapid  deterioration  of 
the  ignition  coil  and  the  necessity  for  frequent  replacement  of  these 
members.  In  the  methods  outlined  at  B  and  C,  an  electric  spark 
is  produced  in  the  cylinder  at  just  the  time  it  is  desired  to  explode 
the  compressed  gas. 
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Q.    How  is  spark  produced  in  cylinder? 

A.  There  are  (wo  methods  of  caueii^  an  electric  spark  to  occur 
in  the  combustion  chamber.  That  outlined  at  £  in  Fig.  76-A  in- 
volves a  Beparation  of  two  contact  members,  through  which  a 
current  of  electricity  is  flowing.  The  spark  is  produced  when  the 
points  separate.  That  outlined  at  C  is  known  as  the  high  tension 
system  and  a  spark  overcomes  the  £ur  space  between  the  points  of 
the  spark  plug  because  it  has  sufficient  power  or  pressure  to  over- 
come the  resistance  at  that  point. 


Fig.  76. Section  Through  Vaporizer  and  Valve  Chamber  of  Station- 
ary Engine  Utiliaing  Hot  Tube  Ignition.  .  ^ 

Q.  What  are  the  important  advantages  of  the  electrical  igni- 
tion systems? 

A.  Electrical  ignition  systems,  as  a  rule,  are  easily  controlled, 
ignite  the  charge  unfailingly  and  exactly  when  desired,  and  are  the 
most  reliable  of  the  ignition  methods  that  permit  flexible  engine 
operation. 

Q.     Why  is  variable  ignition  desirable? 

A.     Variable  ignition  is  necessary  because,  on  modern  high  speed 
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automobile  motors,  it  b  necessary  to  fire  the  charge  earlier  when 
the  engine  is  running  fast  than  when  it  is  running  slow. 

Q.    Why  should  spark  be  retarded  when  starting  an  engine? 

A.  When  an  engine  is  started  by  hand  it  is  desirable  to  have  the 
ignition  late  or  retarded  in  order  that  the  gas  will  not  explode  un- 
til the  piston  has  started  down  on  its  power  stroke.  If  the  explosion 
occurred  before  the  piston  started  down  it  might  be  driven  around 
in  the  opposite  direction  to  that  it  should  go  and  the  operator  would 
be  injured  by  the  reversal  of  motion  of  the  crank  or  flywheel. 


A  B  I      c 


Pig.  76A. — Diagrams  Outlining  Possible  Methods  of  Electrical  Igni- 
tion. A~-By  Incandescent  Platinum  Wire.  B — By  Make  and 
Break  or  Low  Tension  Spark.  C — By  High  Tension  or  Jump 
Spark. 

Q.     Why  is  it  necessary  to  advance  spark? 

A.  When  the  engine  speed  is  increased  faster  than  a  normal 
number  of  revolutions,  a  greater  number  of  explosions  occur  in  a 
given  space  of  time  than  when  the  engine  is  running  slowly.  The  gas 
requires  a  certain  amount  of  time  to  become  ignited,  and  when  an 
engine  is  running  faster  and  more  gas  charges  must  be  exploded, 
it  la  necessary  to  start  the  ignition  earlier,  which  means  that  the  spark 
time  in  relation  to  the  crankshaft  or  piston  travel  must  be  advanced. 

Q.     Why  is  throttle  control  alone  inadequate? 

A.  Contrelling  the  engine  speed  by  varying  the  amount  of  gas 
does  not  permit  exploding  the  gas  charges  fast  enough  in  order  to 
speed  up  the  engine. 
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Q.  What  would  be  the  effect  when  using  throttle  control 
without  variable  ignition  at  various  engine  speed? 

A,  When  a  set  spark  is  used  it  is  customary  to  set  the  time  of 
ignition  so  that  a  condition  best  suited  for  normal  running  con- 
ditions is  obtained.  This  means  that  the  spark  is  set  too  early  to 
insure  absolute  safety  when  starting  the  engine  and  yet  it  is  too  late 
to  permit  the  engine  attaining  its  highest  possible  number  of  revo- 
lutions. If  the  spark  is  set  a  little  late  and  speed  is  desired  it  will  be 
noticed  that  the  engine  heats  up  with  full  throttle  openings  and  yet 
it  is  Uable  to  fire  back  due  to  an  advanced  position  when  attempt  is 
made  to  start  the  motor. 

Q.     Is  set  spark  used  to  any  extent? 

A.  Very  few  automobiles  are  controlled  by  varying  the  supply 
of  gas  solely,  though  in  a  few  cases  where  magneto  ignition  is  em- 
ployed the  spark  time  is  fixed  and  engine  speed  is  regulated  solely 
by  controlling  the  admission  of  explosive  vapor  to  the  cylinders. 
This  is  possible  because  a  magneto  will  generate  more  current  and 
produce  a  spark  of  greater  intensity  as  its  speed  of  rotation  is  in- 
creased. This  means  that  a  hotter  spark  is  present  in  the  cylinder 
at  high  speed  and  in  a  measure  this  provides  for  positive  ignition 
and  corresponds  to  some  extent  to  advancing  the  time  of  ignition. 
Practically  all  automobiles  ixi  use  at  the  present  time  are  provided 
with  variable  ignition  systems,  and  do  not  depend  on  throttle  con- 
trol alone. 


LESSON  EIGHT 

PARTS  OF  THE  IGNITION  SYSTEM  AND  THEIR 

PURPOSE 

Q.     Name  the  principal  parts  of  an  electrical  ignition  system. 

A.  The  principal  parts  of  typical  ignition  systems  of  the  high 
tension  type  are  outlined  at  Figs.  77  and  78- A.  The  prime  requisite 
is  a  source  of  electrical  current,  a  device  by  which  it  will  produce  a 
spark  in  the  combustion  chamber,  auxiliary  devices  for  intensify- 
ing it  or  increasing  its  value,  a  suitable  timing  appliance  to  insure 
that  the  spark  will  ]bake  place  in  the  cylinder  only  at  the  proper 
time  and  wires  or  conductors  to  permit  the  electrical  energy  to  flow 
from  one  unit  of  the  ignition  system  to  the  others.  The  important 
parts  of  a  high  tension  system  are:  The  battery  or  other  current 
producer;  the  timer,'  which  regulates  the  time  of  ignition;  the  induc- 
tion coil,  which  is  a  transformer  to  step  up  or  increase  the  current 
pressure  of  the  batteries;  and  the  spark  plug  which  is  screwed  into 
the  combustion  chamber,  and  between  the  points  of  which  the 
igniting  spark  takes  place. 

Q.    What  are  the  requirements  of  the  current  producer? 

A.  The  current  producer  must  supply  the  electrical  energy 
required  to  produce  the  spark,  and  must  be  reliable  in  action,  as 
well  as  relatively  simple  in  construction. 

Q.     How  is  the  current  of  electricity  transmitted? 

A.  The  electrical  energy  is  transmitted  over  a  number  of  metal 
conductors  or  wires  insulated  from  each  other  and  the  metal  parts 
of  the  engine  to  form  circuits. 

Q.     What  is  a  circuit? 

A.  A  circuit  is  a  path  for  the  electric  current  to  flow  over  and 
may  be  composed  entirely  of  wire  or  of  wire  which  joins  various 
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elements  or  devices  interpoaed  so  that  the  current  must  pass  through 
these  before  it  will  complete  its  circuit. 

Q,  What  is  the  difference  between  a  closed  and  open  circuit? 
A.  A  closed  circuit  is 
one  that  provides  an  un- 
broken or  continuous  path 
for  the  transmission  of 
electrical  energy  while  an 
open  circuit  is  one  in  which 
there  is  a  gap  or  resistance 
sufficiently  great  to  prevent 
the  electrical  energy  from 
paissing  between  the  various 
members  comprising  the 
circuit.  Electricity  can  flow 
only  over  a  closed  circuit, 
except  in  cases  where  the 
pressure  of  the  current  is 
great  enough  so  that  it  may 
overcome  or  bridge  the  gap 
or  resistance  in  an  open 
circuit. 

Q.  How  numy  drcnits 
are  there  m  the  usual 
ignition  system? 

A,  There  are  two  cir- 
cuits in  the  cooveDtiooal 
lugh  teosioa  igoiticKi  sys- 
tems, these  being  the  pri- 
mary and  secondary  circuits 
respectively, 

Q.     What  parts  are  included  in  the  primary  circuit? 

A.  The  [»imary  circuit  includes  the  source  of  current  or  battwy, 
the  switch,  the  ignition  timer  and  the  primary  winding  of  the  trans- 
former or  induction  coil.    (See  Fi^  77A  and  78.) 


Kg.  T7.— Vertical  Engine  Emptoired  in 
StatioBkry  SwTtc«  Sbowtng  Hetfiod  of 
Using  Low  Teaskm  Ignition  SystoTL 
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Q,    What  parts  are  in  the  secondary  circuit? 
-  A.     The  secondary  circuit  includes  the  high  tension  winding  of 
the  induction  coil  and  the  spark  plug. 

Q.     Describe  parts  of  simple  battery  ignition  sj'stem. 

A.  A  simple  battery  ignition  system  for  a  single  cylinder  engine 
18  shown  at  Fig.  77A  and  a  corresponding  system  for  a  two  cylinder 
engine  is  outlined  at  Fig.  78.  The  current  supply  is  obtained  from 
two  sets  of  cells,  One  of  these  being  a  dry  battery,  the  other  a  storage 
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Fig.  79. — Ignition  Ssrston  of  Packard   Motor  Truck  in  WUd 


Batteries  and  Magneto  are  Employed  for  Furnishing  Current. 
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by  referring  to  Fig.  77 A.  The  revolving  brush  of  the  timer  is  turned 
by  the  cam  shaft  which  revolves  at  half  the  engine  speed.  If  the 
switch  lever  is  placed  on  the  storage  battery  contact,  the  current 
from  the  storage  battery  will  flow  through  the  primary  winding  of 
the  induction  coil  only  at  such  times  that  the  circuit  is  closed  by  the 
revolving  brush  member  of  the. timer  coming  in  contact  with  the 
insulated  segment  on  the  timer  case,  and  thus  closing  the  circuit 
so  the  electrical  energy  has  nothing  to  impede  its  passage  from  the 
battery,  through  the  timer  and  primary  winding  back  through  the 
switoh  and  return  to  where  it  started  from.  When  the  low  tension 
current  flows  through  the  primary  winding  of  the  induction  coil, 
a  secondary  current  of  high  pressure  is  induced  in  the  secondary 
winding  of  the  transformer  coil,  and  is  led  to  the  spark  plug  where 
it  must  leap  the  air  gap  between  the  electrodes  and  produce  a  spark 
before  it  can  return  to  the  winding  again  through  the  medium  of 
the  metal  of  which  the  engine  is  composed,  which  thus  acts  as  a 
common  ground  for  both  primary  and  secondary  currents. 

Q.     What  is  the  function  of  the  switch? 

^  A.  The  switch  is  an  easily  controlled  member  that  permits  one 
to  have  an  open  or  closed  circuit  at  will.  In  most  ignition  systems, 
two  switches  are  provided,  one  under  the  direct  control  of  the  operat- 
or serves  as  a  master  switch,  w)iile  an  auxiliary  member  commonly 
termed  a  "timer"  and  operated  by  the  engine  acts  in  conjunction 
with  it  to  produce  a  closed  circuit  only  at  such  times  that  a  spark  is 
needed  in  the  cylinder.  It  will  be  evideiict  that  a  closed  circuit  is  ob- 
tained only  when  the  members*  of  both  switches  are  in  metallic 
contact.  The  master  switch  in  most  cases  serves  to  couple  either 
source  of  current  to  the  other  appliances  of  the  ignition  system. 
When  the  engine  is  once  in  motion  and  the  timer  is  closing  the  circuit 
automatically,  opening  the  master  switch  will  prevent  the  electrical 
energy  from  flowing,  interrupt  the  spark  in  the  cylinder  and  stop 
the  engine.  The  timer  which  is  outlined  at  Fig.  81  is  thus  a  mechan- 
ically actuated  automatic  switch  that  closes  the  circuit  only  at  such 
times  that  a  spark  is  needed  in  the  cylinder  to  explode  the  gas. 

Q.     What  is  the  spark  plug? 

A.     As  previously  outlined,  the  spark  occurs  in  the  cylinders 
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(when  a  high  tension  system  is  used)  between  the  electrodes  or  points 
of  a  device  which  carries  them  and  which  may  be  easily  screwed 
into  the  combustion  chamber  so  that  when  the  spark  points  are 
introduced  into  the  interior  of  the  motor  there  is  no  opportunity 
for  the  escape  of  gas. 
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Fig.  81.— Roller  Contact  Timer  Used  for  Distributing  Current  D-  ■ 
rived  from  Ford  Magneto  or  Battery  to  Individual  Units  of  Spark 
CoiL 

Q.     How  many  types  of  spark  plugs  are  used? 

A.  Spark  plugs  are  divided  into  two  main  types,  the  simple 
form  as  shown  at  A  and  C,  Fig.  82,  and  the  priming  type  as  outlined 
at  B,  Fig,  82,  and  in  illustrations  at  Fig,  83.  The  priming  type  is  a 
combination  form  which  has  a  small  petcock,  or  valve,  through 
wlMch  gasoline  may  be  introduced  into  the  combustion  chamber  to 
facilitate  starting  in  cold  weather  when  it  is  difficult  to  draw  in  a 
proper  charge  of  gas  from  the  carburetor. 

Q.     Describe  important  parts  of  spark  plug. 

A.     Conventional  spark  plugs  are  composed  of  a  steel  or  brass 
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body  having  an  external  thread  at  its  lower  end  which  sci-ews  into 
the  cylinder  and  an  iaternal  thread  at  its  upper  end  in  which  the 
gland  or  packing  nut  that  holds  the  insulator  and  insulated  electrode 
assembly  in  place,  is  screwed.  The  grounded  electrode  usually 
forms  part  of  the  plug  body,  while  the  central  electrode  is  invari- 
ably kept  from  metallic  contact  by  means  of  an  insulator  of  por- 
celain, as  shown  at  Fig.  82-A,  or  combination  mica  and  porcelain, 
as  shown  at  Fig.  82-C.    The  electrodes  are  separated  by  an  air  gap. 
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Fig.  82. — Views  Detailing  Construction  of  Conventional  Spark  Plug. 
A — Member  With  Porcelain  Insulator.  B — Heitue  Priming  Cup 
Type  Utilizes  Mica  Insulation.  C — Plug  Using  Combination 
Porcelain  and  Mica  Insulation, 

Q.     What  is  the  proper  amount  of  air  gap  between  electrodes? 

A.  The  electrodes  of  plugs  used  with  magneto  ignition  system 
are  usually  separated  about  1-32  of  an  inch,  while  those  of  a  plug 
intended  for  battery  and  coil  current  may  be  separated  by  an  air 
gap  of  1-16  inch. 
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Q.     What  is  the  induction  coil? 

A,  The  induction  coil  is  a  transformer  of  the  "step-up"  type 
which  changes  the  direct  current  from  the  batteries,  which  does  not 
have  sufficient  pressure  to  overcome  the  resistance  of  the  air  gap 
at  the  spark  plug,  to  an  alternating  current  having  higher  pressure 
to  jump  the  air  gap  and  produce  a  spark. 
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Fig.  83. — Typ«9  of  Spark  Plugs  That  Permit  Priming  the  Cylinder 
With  Gasoline  or  Acetylene  Gaa  When  Combustion  Chamber  is 
Not  Provided  With  Compression  Pet  Cocks. 

Q.    Name  the  principal  parts  of  an  induction  coil. 

A.  The  components  entering  into  the  construction  of  a  typical 
induction  coil  are  clearly  indicated  in  digram  form  at"  Fig.  84. 
An  induction  coil  consists  of  a  core,  primary  and  secondary  wind- 
ings, vibrator,  and  condenser. 

Q.    What  is  the  core  made  of? 

A.  The  core  is  composed  of  a  bundle  of  short  pieces  of  soft  iron 
wire  closely  bound  together. 
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Q.    What  is  the  primary  winding  composed  of? 

A.  The  primary  winding  is  composed  of  from  two  to  four  coils 
or  layers  of  silk  insulated  wire  about  16-18  gauge  such  as  u^d  to 
wind  around  electro-magnets. 

Q.     What  is  the  vibrator? 

A.  The  vibrator  is  composed  of  a  hammer,  or  armature  member 
carrying  one  platinum  contact  point  and  a  movable  adjusting  screw 
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Pig.  84.-~-Diagrain  Showing  Relation  of  Parts  of  Induction  Coil. 

carrying  another  platinum  contact  point,  the  assembly  forming  an 
automatic  circuit  breaker.  When  the  current  of  electricity  from  the 
battery  pftsaes  through  the  primary  coil  it  energizes  the  core  which 
becomes  a  magnet.  The  core  attracts  the  hammer  of  the  armature 
and  breaks  the  contact  between  the  platinum  point  on  the  armature 
spring  and  that  on  the  adjusting  screw.  As  the  battery  current 
must  pass  through  these  points  before  it  reaches  the  primary  wind- 
ing, as  soon  as  the  hammer  is  drawn  toward  the  core  the  circuit 
is  broken,  the  core  ceases  to  become  a  magnet  and  the  armature 
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flies  back  again,  thus  re-establishing  electrical  contact.  It  will  le 
apparent  that  the  circuit  can  be  broken  and  re-established  many 
times  per  second,  and  as  each  interruption  in  current  flow  induces 
an  impulse  in  the  secondary  winding,  the  greater  the  number  of 
vibrations  of  the  armature  the  higher  the  value  of  the  induced 
secondary  current. 

Q.     How  is  the  secondary  winding  made? 

A.  The  secondary  winding  is  composed  of  a  large  number  of 
coils  or  layers  of  very  fine,  thread-like  insulated  wire  carefully  wound 
and  thoroughly  insulated  from  each  other.  The  greater  the  num- 
ber of  turns  of  secondary  wire  in  proportion  to  the  number  of  layers 
of  primary  wire,  and  the  greater  the  relative  difference  between 
the  size  of  primary  and  secondary  wires,  the  higher  the  value  of  the 
induced  secondary  current  in  proportion  to  the  pressure  of  the 
primary  current.  The  voltage  of  the  primary  current  may  be  in- 
creased several  thousand  times  by  properly  proportioning  the  pri- 
mary and  secondary  windings,  and  at  the  same  time  it  will  have  suf- 
ficient heating  value  to  explode  the  gas  as  it  overcomes  the  resist- 
ance of  the  air  gap  between  the  spark  plug  electrodes. 

Q.     What  is  the  condenser  and  how  is  it  made? 

A.  The  condenser  is  a  simple  assembly  introduced  between  the 
adj  usting  screw  and  armature  spring  in  such  a  way  that  it  is  in  shunt 
or  parallel  connection  with  the  contact  points.  It  is  composed  of 
two  sets  or  layers  of  tin  foil  insulated  from  each  other  by  layers  of 
wax  paper.  Alternate  sheets  are  joined  together  so  there  is  no  elec- 
trical connection  between  one  set  of  tin  foil  sheets  and  the  other. 
The  function  of  the  condenser  is  to  absorb  any  excess  current  pres- 
ent between  the  platinum  points  that  would  tend  to  produce  a 
spark  as  they  separate.  This  excess  current  is  the  result  of  self- 
induction  of  one  coil  of  the  primary  winding  upon  the  neighboring 
one,  and  would  tend  to  oppose  the  passage  of  the  current  from  the 
battery  if  it  was  not  absorbed  and  stored  in  the  tin  foil  layers  of 
the  condenser.  If  no  condenser  is  provided,  the  spark  between  the 
points  would  pit  them  and  burn  them  to  such  a  degree  that  prompt 
vibrator  action  would  be  prevented  because  of  the  uncertainty  of 
metallic  contact  when  the  platinum  points  came  together.     This 
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would  result  in  sluggish  vibrator  action  and  diminish  strength  o£ 
secondary  current. 

Q.     Describe  induction  coil  action. 

A.  The  diagram  at  Fig.  85  will  assist  the  reader  in  obtaining 
knowledge  of  induction  coil  action.  Here  a  solenoid  or  hollow  coil 
of  wire  is  shown  attached  to  a  sensitive  form  of  current  indicator. 
A  primary  coil,  which  contains  a  core  of  soft  iron  wire,  is  depicted  as 
just  entering  the  solenoid.  The  ends  of  the  primary  winding  are 
joined  to  a  simple  battery  composed  of  two  dry  cells.  A  current  of 
electricity  is  thus  flowing  through  the  primary  coil  all  the  time,  and 
the  core  member  is  a  magnet  from  which  magnetic  influence  is 
radiated.  When  the  primary  coil  assembly  is  first  introduced  into 
the  solenoid,  the  needle  of  the  current  indicator  will  move,  thus 
showing  that  another  current  of  electricity,  other  than  that  flowing 
through  the  primary  coil  from  the  battery,  has  been  induced  in  the 
secondary  winding  or  solenoid.  If  the  primary  coil  and  core  assembly 
is  allowed  to  remain  inside  of  the  solenoid,  the  current  indicator 
needle  comes  to  rest,  showing  that  there  is  no  current  induced  in 
the  solenoid.  If  the  primary  coil  be  withdrawn  from  the  interior 
of  the  secondary  winding,  another  movement  of  the  current  indica- 
tor needle  in  the  opposite  direction  to  that  which  it  moves  when  the 
primary  coil  was  introduced  will  show  that  another  impulse  or  in- 
duced current  has  been  produced  by  withdrawing  the  primary  coil 
assembly.  If  the  primary  coil  could  be  thrust  in  and  out  of  the  sec- 
ondary coil  suflBciently  fast,  practically  a  continuous  flow  of  alter- 
nating current  would  be  induced  in  the  solenoid. 

The  induced  current  is  produced  by  magnetic  influence  from  the 
core,  and  obviously  if  the  primary  coil  was  allowed  to  remain  in  the 
secondary  coil  and  the  electric  current  from  the  battery  interrupted 
and  the  flow  re-established  often  enough,  we  would  have  practically 
the  same  effect  as  though  the  primary  coil  was  thrust  in  and  out  of 
the  secondary  coil  a  number  of  times  corresponding  to  the  making 
and  breaking  of  the  primary  circuit  at  the  batteries.  It  will  be  ap- 
parent that  the  induction  coil  assembly  outlined  at  Fig.  84  is  prac- 
tically the  same  as  that  shown  at  Fig.  85,  except  that  the  primary 
coil  is  a  fixed  member  inside  of  the  secondary  winding  and  the  num- 
ber of  current  interruptions  through  the  primary  coil  is  obtained 
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by  means  of  a  very  rapid  automatic  magnetic  circuit  breaker  or 
vibrator,  the  action  of  which  has  been  previously  considered. 

Q.     Describe  timer  construction. 

A.  The  usual  form  of  timer  as  outlined  at  Fig.  81  is  composed 
of  a  fiber  insulating  ring  which  car^ies  a  number  of  metal  contacts 
which  are  out  of  electrical  connection  with  each  other  and  with  the 
metal  body  of  the  timer.  The  rotary  contact  member  revolves  in 
the  interior  of  the  insulating  fiber  ring  and  makes  contact  with  the 
segments  as  it  revolves.    Each  segment  communicates  with  one  of 


the  units  of  an  induction  coil  and  the  number  of  segments  and  ter- 
minals used  is  determined  by  the  number  of  cylinders  to  be  fired, 
The  device  shown  is  adapted  for  a  four  cylinder  motor. 

Q.  What  is  the  difference  between  a  single  cylinder  engine 
timer  and  one  for  multiple  cylinder  ignition? 

A.  The  difference  is  only  in  the  number  of  insulated  contacts. 
The  timer  intended  for  the  multiple  cylinder  engine  having  the 
greater  number.  A  one  cylinder  timer  has  but  one  insulated  contact 
segment  and  one  external  primary  terminal.     As  the  number  of 
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cylinders  increase  additional  ccntacts  are    provided,  one  for  each 
added  cylinder. 

Q.     Are  timers  used  only  with  primary  current? 

A.  Timers  may  be  used  in  connection  with  either  primary  or 
secondary  current,  though  when  used  for  distributing  the  high 
tension  current,  they  are  termed  "secondary  distributors." 

Q.  What  is  the  difference  between  a  primary  timer  and  a 
secondary  distributor? 

A.  In  a  primary  timer  the  revolving  contact  element  is  grounded 
or  attached  directly  to  the  metal  parts  of  the  engine.  In  a  second- 
ary distributor  the  revolving  brush  or  contact  member  is  well  in- 
sulated from  the  engine  and  is  coupled  directly  to  the  source  of 
current  or  secondary  winding  of  the  induction  coil.  Special  care 
must  be  taken  to  insulate  the  terminals  and  contacts  of  a  high  ten- 
sion distributor  on  account  of  the  ease  with  which  the  high  voltage 
current  overcomes  resistances  that  would  effectively  bar  the  prog- 
ress of  the  low  tension  current.  Usually  a  secondary  distributor  in- 
cludes a  primary  timing  arrangement  as  well  when  used  in  connec- 
tion with  a  battery  ignition  system. 

Q.     How  are  contacts  in  timers  and  distributors  spaced? 

A.  In  a  timer  intended  for  a  two  cylinder  motor  the  contacts 
are  spaced  according  to  the  arrangement  of  the  cranks  on  the  crank- 
shaft. If  the  motor  is  a  double  opposed  form  or  a  two  cylinder  ver- 
tical type  with  both  connecting  rods  attached  to  a  common  crank  pin, 
the  contacts  are  separated  by  180  degrees  or  are  spaced  on  halves 
of  the  circle.  If  the  engine  is  a  two  cylinder  vertical  or  V  type, 
the  contacts  are  not  evenly  divided  but  are  separated  by  spaces  of 
270  and  90  degrees  respectively.  The  contacts  of  a  three  cylinder 
timer  are  spaced  on  thirds  of  the  circle  or  120  degrees  apart.  Those 
of  a  four  cylinder  timer  are  separated  by  a  space  of  90  degrees  and 
are  spaced  on  quarters  of  the  circle.  (See  Fig.  81.)  For  a  six  cylin- 
der engine  the  contacts  are  spaced  on  sixths  of  the  circle,  which 
means  that  they  are  60  degrees  apart. 

Q.  What  is  the  difference  between  primary  and  secondary 
wire  and  why  are  they  different? 

A.     Primary  wire  carries  current  of  low  voltage  that  does  not 
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short  circuit  easily,  so  the  insulation  is  not  nearly  as  heavy  as  that 
on  the  secondary  or  high  tension  current  conductors.  A  primary 
wire  is  insulated  with  but  one  layer  of  rubber;  whereas  a  secondary 
wire  has  several  of  insulating  compound.  A  number  of  wires  are 
shown  at  Fig.  86.  Those  at  il,  B,  and  C  are  heavily  insulated  con- 
ductors used  to  convey  high  tension  energy,  while  the  wires  with 
the  lighter  insulation,  as  shown  at  D  and  E,  are  suitable  for  primary 
circuits.  A  nimiber  of  primary  leads  are  sometimes  joined  together 
and  though  separately  insulated,  are  run  through  a  common  conduit, 
or  insulating  tube,  as  shown  at  F.  When  used  in  this  manner  the 
inner  insulation  of  the  different  wires  is  usually  of  different  colors 
so  they  may  be  easily  recognized  when  making  connections. 

Q.     How  is  electricity  measured? 

A.  The  strength,  quantity,*  potential  and  other  characteristics 
of  the  electric  current  may  be  readily  determined  by  simple  meters 
provided  with  a  pointer  and  a  calibrated  or  graduated  scale  so  the 
readings  can  be  made  easily. 

Q.    What  is  the  volt? 

A,  The  volt  is  the  imit  of  pressure  and  may  be  taken  as  cor- 
responding to  the  head  or  pressure  of  water. 

Q.     What  is  the  ampere? 

A.  The  ampere  is  the  unit  of  current  quantity  and  corresponds 
to  the  amount  of  electricity  flowing  through  a  circuit.  A  current 
may  have  a  large  amperage,  which  means  that  a  large  volimie  is 
flowing,  and  yet  it  may  have  low  pressure  or  voltage.  The  reverse 
condition  may  also  obtain  and  a  current  of  high  voltage  may  not 
have  much  amperage. 

Q.    What  is  the  watt? 

A.  The  watt  is  the  unit  indicating  the  amount  of  electricity  or 
the  value  of  the  current  flow.  A  current  of  one  ampere  flowing  at 
a  potential  or  pressure  of  one  volt  has  a  value  of  one  watt.  There 
are  746  watts  to  the  electrical  horse-power.  In  all  cases  the  amount 
of  current  consumed  by  any  piece  of  electrical  apparatus  is  indi- 
cated in  watts,  which  is  always  the  product  of  the  number  of  amperes 
o:  current  times  the  potential  or  voltage. 
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Q.    What  is  the  ohm? 

A.  The  ohm  is  the  unit  by  which  the  resistance  anything  offers 
to  the  pasisage  of  the  electric  current  is  measured.  To  overcome 
one  ohm  of  resistance  it  will  take  a  current  of  one  ampere  at  a  pres- 
sure of  one  volt. 

Q.     How  are  dry  batteries  measured? 

A.  Dry  batteries  are  measured  as  shown  at  Fig.  87  by  means  of 
a  simple  device  which  measures  the  amperage  or  current  output, 
and  which  is  called  an  "ammeter."  A  standard  Q"x2^"  dry  cell 
in  good  condition  should  indicate  a  current  strength  of  from  20  to 
25  amperes.    The  voltage  of  a  dry  cell  varies  from  1.25  to  1.5  volts. 


Q.  How  is  the  current  strength  of  storage  batteries  deter- 
tnined? 

A.  Storage  batteries  are  measured  with  a  voltmeter,  which  is 
an  instrument  similar  in  construction  to  an  ammeter  with  the 
■exception  that  it  is  designed  to  register  the  pressure  instead  of  the 
quantity  of  the  electric  current  flowing  through  it,  A  single  cell  of 
a  storage  battery  is  supposed  to  test  2.2  volts  when  fully  charged, 
which  means  that  a  2  cell  battery  will  indicate  4.4  volts  while  a 
3  cell  battery  shows  6.6  volts.  The  ordinary  form  of  battery  test- 
ing ammeter  should  never  be  used  in  testing  a  storage  battery,  be- 
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cause  its  construction  is  such  that  it  will  practically  short  circuit 
the  battery  and  it  may  produce  buckling  of  the  plates  owing  to  the 
rapid  discharge  of  the  stored  energy. 

Q,     How  can  current  consumption  of  induction  coil  be  found? 

A,  The  method  of 
using  a  simple  current 
indicator  to  show  the 
amount  of  electricity 
used  by  an  induction 
coil  is  clearly  outlined 
at  Fig.  88.  The  instru- 
ment shown  is  a  low 
reading  ammeter,  and  is 
80  arranged  that  the 
terminal  end  may  be 
inserted  between  the 
switch  button  and  switch 
lever,  while  the  coil  is  in 
operation.  The  amount 
of  current  drawn  by 
each  unit  can  be  easily 
determined  b  y  testing 
out  but  one  luiit  at  : 
time.  This  can  be  easily 
done  by  riusing  the  con- 
tact screws  of  the  vibra- 
tors so  that  they  do  not 
touch  the  contact  on  the 
vibrator  blade,  except 
on  the  unit  that  is  to  be 
tested.  The  engine  is  then  cranked  over  by  hand  and  the  amount 
of  current  consumed  by  the  coil  vibrator  will  be  clearly  indicated 
as  soon  as  contact  is  established  at  the  timer.  The  ordinary  induc- 
tion coil  unit  consumes  from  .5  to  1  ampere,  and  if  the  current  con- 
sumption is  greater  than  this,  the  tension  of  the  vibrator  spring 
should  be  lessened  so  that  less  current  will  be  necessary  to  energize 
the  primary  winding. 


Fig.  87. — Method      of      Testing      Current 
Strength  of  Dr;  Cell  With  Ammeter. 


LESSON  NINE 

CURRENT  PRODUCERS:  BATTERIES,  DYNAMOS  AND 

MAGNETOS 

Q.     What  is  the  simplest  method  of  producing  electricity? 

A.  The  simplest  method  of  producing  electricity  is  by  the  use 
of  a  primary  or  secondary  battery  which  generates  electrical  energy 
by  the  chemical  combustion  of  one  of  the  elements  or  plates  of  the 
battery. 

Q.    What  is  the  cheapest  method  of  producing  electricity? 

A.  Electricity  may  be  produced  at  lower  cost  by  magnetic 
machines  which  change  mechanical  power  into  electricity. 

Q.     How  many  classes  of  batteries  are  used? 

A.  Two  general  classes  of  chemical  current  producers  are  com- 
monly used,  these  being  primary  batteries  and  secondary  batteries. 

Q.     What  is  a  primary  battery? 

A.  A  primary  battery  is  one  in  which  electricity  is  generated  by 
the  direct  chemical  action  of  the  electrolyte  on  one  of  the  plates 
composing  the  cell.  A  primary  cell  has  positive  and  negative 
elements;  that  attacked  by  the  electrolyte  is  usually  termed  the 
"negative^'  plate  and  is  made  of  zinc,  either  in  the  form  of  a  plate 
or  a  rod.  The  po  itive  element  is  of  some  substance  that  is  not 
affected  by  the  electrolyte  and  which  serves  as  a  collecting  member 
for  the  electricity  generated.  In  a  primary  battery  electricity  is 
produced  at  the  expense  of  decomposition  of  the  zinc  plate  and  de- 
terioration of  the  electrolyte.  When  a  primary  battery  is  exhausted 
or  no  longer  capable  of  producing  electricity,  it  must  be  practically 
rebuilt  in  order  to  extend  its  life.  New  electrolyte  and  zinc  must 
be  added  to  replace  that  used  before  the  cell  will  give  any  more 
electricity. 
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Q.    What  is  a  secondary  battery? 

A.  The  secondary  battery,  commonly  called  the  "storage  bat- 
tery" in  America  and  the  "accunyilator"  In  Europe,  is  a  form  of 
chemical  current  producer  in  which  the  elements  can  be  restored  to 
their  former  condition  when  exhausted  by  passing  a  current  of 
electricity  through  the -battery  in  a  direction  opposite  to  that  of 
the  current  flow  normally  given  out  by  the  battery.  As  a  battery  of 
this  form  can  only  produce  electricity  after  it  has  been  energized 
or  charged  by  a  current  from  some  extraneous  source,  such  as  a 
primary  battery  or  mechanical  generator,  it  is  called  a  "second- 
ary" battery. 


Q.     What  is  a  dry  battery  ? 

A.  A  dry  battery  is  the  form  of  primary  cell  in  which  the  liquid 
electrolyte  is  replaced  by  some  form  of  jelly  or  other  substance  to 
absorb  the  liquid  so  it  cannot  splash  out  while  the  automobile  is  in 
operation. 

Q.     Describe  construction  of  typical  dry  cell. 

A.  A  part  sectional  view  of  the  conventional  form  of  dry  cell  is 
outlined  at  Fig.  89.     The  container  or  shell  is  made  of  zinc  and 
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Fig.  89— Sectional  View  of  Typical  American  Dry  Cell. 

serves  as  the  negative  element,  while  a  stick  of  carbon  placed  in  the 
center  of  the  zinc  shell  and  kept  from  contact  with  the  metal  serves 
as  a  positive  element.  The  electrolyte  or  exciting  material  is  ab- 
sorbed by  blotting  paper,  several  layers  of  which  are  closely  wound 
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around  the  inside  of  the  zinc  shell.  This  places  the  electrolyte 
directly  in  contact  with  the  metal  it  acts  on.  The  carbon  rod  is 
surrounded  by.  a  depolarizing  material  which  keeps  the  cell  active 
for  longer  periods  than  if  the  electrolyte  alone  was  used. 

During  the  action  of  the  cell,  or  whenever  the  zinc  and  carbon 
terminals  are  joined  together  to  form  a  closed  circuit,  the  chemical 
action  of  the  electrolyte  on  the  zinc  liberates  hydrogen  gas  which 
would  clog  or  retard  the  action  of  the  cell  if  allowed  to  accumulate 
on  the  carbon  plate.  The  depolarizing  medium  is  some  chemical 
rich  in  oxygen,  and  its  purpose  is  to  liberate  oxygen  gas  while  the 
cell  is  in  operation,  which  combines  with  the  hydrogen  in  proper 


Fig.  90.~Methods  of  Joining  Dry  Cells  for  Ignition  Service.  A— Four 
Cells  in  Series  Connection.  B — ^Twelve  Cells  in  Multiple  Series 
Connection. 

proportions  to  form  water.  The  water  thus  formed  is  of  distinct 
value,  inasmuch  as  it  keeps  all  parts  of  the  cell  moist  and  lowers 
the  internal  resistance.  The  top  of  the  cell  is  sealed  with  a  thick 
layer  of  pitch  to  prevent  escape  of  the  gases  and  to  retain  the  ele- 
ments of  which  the  cell  is  composed  in  the  zinc  shell  as  well  as  to 
keep  the  elements  separated. 

Q.     How  are  dry  cells  used? 

A.  Dry  cells  are  generally  employed  in  sets,  so  that  batteries 
having  different  values,  as  regards  current  pressure  or  quantity, 
are  produced.    They  may  be  wired  together  in  series,  in  multiple. 
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or  in  series-multiple  connection.    The  latter  method  is  that  gener- 
ally used. 

Q.     Describe  series  connection. 

A.  The  method  of  connecting  dry  cells  in  series  is  clearly  out- 
lined at  Fig.  90- A.  When  joined  in  this  manner  the  negative  ter- 
minal of  one  cell  is  always  joined  to  the  positive  or  opposite  termin- 
al of  the  neighboring  one.  For  instance,  the  zinc  of  one  cell  is 
always  connected  to  the  carbon  of  the  next  member.  When  cells 
are  joined  this  way,  a  battery  is  produced  which  has  a  voltage  equal 
to  that  of  one  cell  times  the  number  of  cells  joined  together,  but  the 
amperage  of  only  one  cell. 

Q.     Describe  multiple  connection. 

A.  Cells  are  connected  together  in  multiple  only  when  a  current 
of  heavy  amperage  and  low  voltage  is  desired.  This  method  involves 
joining  all  the  terminals  of  like  polarity  together.  For  instance, 
all  the  zinc  terminal  screws  would  be  joined  together  by  one  wire, 
while  all  the  carbon  terminals  would  be  joined  by  another  conductor. 
A  battery  composed  of  cells  in  multiple  connection  would  deliver  a 
current  having  a  voltage  equal  to  that  of  one  cell,  but  a  current 
strength  or  amperage  equal  to  that  of  one  cell  times  the  number 
of  cells  in  the  battery. 

Q.     Describe  series  multiple  connection. 

A.  The  system  employed  in  joining  dry  cells  in  series  multiple 
CDnnection  is  clearly  outlined  at  Fig.  90-B.  Here  three  sets  of  four 
cells  each  which  are  coupled  in  series  are  joined  together  in  mul- 
tiple. By  this  method  of  connection,  which  is  that  generally  used 
where  the  batteries  are  employed  for  ignition  or  lighting,  one  obtains 
the  voltage  of  any  one  of  the  series  combinations  and  the  amperage 
of  the  three  sets  of  cells.  With  a  dry  battery,  having  twelve  cells 
coupled  in  the  manner  indicated,  one  will  obtain  a  current  having 
a  pressure  of  six  volts  and  a  quantity  of  sixty  amperes. 

Q.  What  precaution  is  necessary  when  connecting  dry  cells 
together? 

A.  Care  should  be  taken  that  the  cells  are  well  insulated  from 
each  other,  and  if  carried  in  a  metal  box,  suitable  precautions  should 
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be  taken  to  insure  against  the  battery  containers  coming  in  contact 
with  the  sides  of  the  box.  The  terminals  on  the  binding  posts  should 
be  screwed  down  tightly  in  order  to  avoid  loose  connections,  and  the 
cells  should  be  packed  in  such  a  way  that  they  cannot  shake  loose 
when  in  service  and  break  or  loosen  the  connecting  wires  by  vibra- 
tion. Care  should  be  taken  when  connecting  cells  in  series  that  only 
terminals  of  unlike  polarity  be  joined  together  and  that  the  terminals 
of  the  same  cell  are  never  connected  together  in  any  way. 

Q.     What  are  the  advantages  of  the  dry  cell? 

A.  The  dry  cell  is  simple,  compact,  economical  and  easily  in- 
stalled. 

Q.    What  are  the  disadvantages  of  the  dry  cell? 

A.  The  main  disadvantages  of  a  dry  cell  battery  are  that  it  is 
unsuitable  for  any  except  the  lightest  kind  of  intermittent  service 
and  that  its  capacity  lessens  as  it  is  used.  When  the  cells  have 
deteriorated  to  a  certain  point,  they  must  be  thrown  away  and  re- 
placed by  new  ones. 

Q.    What  is  the  standard  size  of  dry  cells? 

A.  The  standard  size  of  dry  cell  used  for  ignition  purposes  is 
6  inches  by  2 J^  inches  and  the  cells  are  cylindrical  in  form.  A  larger 
size  is  sometimes  used  for  stationary  engine  ignition  that  is  about 
33^  inches  in  diameter  and  8  inches  high. 

Q.    What  is  the  effect  of  size  on  battery  capacity? 

A.  The  greater  the  area  of  the  plates  or  elements  of  the  battery 
the  higher  its  amperage  or  current  output  will  be.  The  voltage, 
however,  remains  constant  for  cells  composed  of  the  same  material 
regardless  of  size.  For  example,  a  dry  battery  no  larger  than  a 
thimble  having  zinc  and  carbon  elements  and  the  conventional 
alkaline  excitant,  will  have  a  pressure  of  1.5  volts  between  the  ter- 
minals, which  is  also  true  of  a  dry  cell  the  size  of  a  barrel.  The  am- 
perage of  the  larger  member  would  be  directly  proportional  to  the 
amount  of  surface  of  the  zinc  shell  acted  on  by  the  electrolyte  com- 
pared with  that  of  the  smaller  member. 

Q.     What  is  a  storage  battery? 

A.  A  storage  battery  such  as  outlined  at  Fig.  91  is  composed  of 
three  secondary  cells  joined  together  and  carried  in  a  common 
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container  jar  of  hard  vulcanized  rubber  so  they  form  a  three  cell 
combinatioii  that  will  deliver  a  current  of  about  6  volts  and  60 
aJiif>eres.  A  battery  of  this  form  is  capable  of  being  recharged  when 
exhausted,  as  previously  described. 
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Q.     Name  the  principal  parts  of  a  typical  storage  battery. 

A.  The  various  units  of  which  the  storage  battery  is  composed  are 
clearly  outlined  at  Fig.  92.  The  main  container  is  separated  into 
three  compartments  by  partitions  moulded  integral  with  the  jar 
and  which  divide  the  main  container  into  three  distinct  parts. 
The  plate  assembly  is  composed  ot  either  four  or  five  plates  made  of 
lead  alloy  grids  filled  with  various  lead  oxides.  The  plates  are  sep- 
arated from  each  other  by  thin  sheets  of  hard  rubber,  perforated 
with  many  holes  for  the  passage  of  the  electrolyte  and  a  ribbed 
wooden  separator  is  interposed  between  each  pair  of  plates.  When 
a  five  plate  assembly  is  used,  three  of  these  are  positive  or  collect- 
ing members,  and  two  are  negative  or  generating  members.  A  five 
plate  assembly  has  greater  capacity  than  a  four  plate  form,  because 
both  sides  of  the  negative  elements  are  exposed  to  the  correspond- 
ing faces  of  positive  plates. 

The  plate  assembly  becomes  a  unit  because  the  various  members 
are  joined  together  by  a  bus  bar  of  lead  burned  to  the  lugs  project- 
ing from  the  plates  by  means  of  the  hydrogen  flame.  The  top  of 
the  individual  compartments  are  then  closed  with  hard  rubber  cell 
covers  in  which  vents  to  permit  of  the  escape  of  the  gases  without 
danger  of  losing  the  liquid  electrolyte  from  splashing  are  screwed. 
The  three  cells  are  then  covered  by  one  large  cover  which  has  a 
soft  rubber  gasket  interposed  between  the  jar  and  cover  as  a  pack- 
ing. Other  forms  of  storage  batteries  have  a  compound  of  pitch, 
rosin,  and  other  elements  directly  over  the  cell  covers  to  effectively 
seal  the  elements  in  their  respective  compartments.  The  disad- 
vantage of  this  method  is  that  it  is  difficult  to  remove  the  plate 
assembly  for  repairs  or  cleaning,  whereas  the  separate  cover,  which 
is  held  in  place  by  numerous  small  screws,  can  be  readily  removed 
when  it  is  necessary  to  gain  access  to  the  interior  of  the  battery. 

Q.     What  determines  the  capacity  of  a  storage  battery? 

A.  The  capacity  of  a  storage  battery  depends  upon  the  size  and 
nature  of  the  plates  used  in  each  cell  and  their  number  as  well  as 
the  number  of  cells  joined  together  to  form  a  battery.  Batteries 
ordinarily  used  for  ignition  purposes  are  either  of  the  6  volt,  60 
ampere,  or  6  volt,  80  ampere  type.    Those  used  for  lighting  service 
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Fig.  92.— Parts  of  Typical  Storage  Battery  Used  for  Ignition  Purposes. 

have  larger  plates  and  are  more  substantial  in  construction  and  are 
usually  rated  at  6  volts,  100  amperes  and  6  volts,  120  amperes. 
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Q,     What  is  meant  by  "discharge  rate"? 

A.  A  storage  battery  is  designed  so  that  it  will  deliver  a  cert^n 
amount  of  amperes  over  a  given  period  of  time.  For  instance,  if 
the  plates  are  light,  the  discharge  of  from  3  to  5  amperes  should 
never  be  exceeded.  This  means  that  a  6  volt  60  ampere  hour 
capacity  battery  would  be  able  to  discharge  3  amperes  for  20  hours 
or  5  amperes  for  12  hours  before  it  would  need  recharging.  The 
lighting  batteries  have  much  heavier  plates  and  are  constructed  to 
stand  larger  discharge  rates.  In  using  a  storage  battery,  it  is  im- 
perative not  to  exceed  the  safe  discharge  rate  given  by  the  manu- 
facturer. 

Q.  What  would  be  the 
effect  if  the  safe  discharge 
rate  was  greatly  exceeded? 

A.  If  currentwas  drawn 
from  q,  battery  faster  than 
its  dideharge  rate  the  bat- 
tery plates  will  be  injured 
and  wUl  buckle  and  this 
results  in  loosening  the 
active  material  from  the 
grids  and  causes  accumu- 
lations of  sediment  or 
"mud"  in  the  bottom  of 
the  cell  jars  which  might 
short  circuit  the  battery. 

Q.     How  are  storage  batteries  treated  when  exhausted? 

A.  When  storage  batteries  are  exhausted  they  can  only  be  re- 
stored to  deliver  more  current  by  passing  electrical  energy  through 
them  from  some  external  source. 

Q.     How  are  storage  batteries  charged  from  direct  current? 

A  There  are  two  methods  of  charging  storage  batteries  from 
direct  lighting  circuits,  one  of  which  is  outlined  at  Fig.  93,  the  other 
at  Fig.  93-A,  A  storage  battery  should  not  be  charged  too  fast 
because  if  attempt  is  made  to  rush  the  reforming  of  the  plates  by 


Current,  Using  Lamp  Resistance. 


174 


Questions  and  Answers 


passing  large  quantities  of  current  through  the  cells,  this  will  prove 
fully  88  disastrous  as  discbar^ng  the  battery  too  rapidly.  The  man- 
ufacturers of  various  batteries  recommend  a  certain  normal  charg- 
ing rate,  as  well  as  a  discharge  rate. 

A  battery  must  a  ways  be  charged  longer  than  its  rated  capacity 
would  indicate.  For  instance,  if  a  charging  rate  of  5  amperes  was 
recommended  and  a  battery  of  60  ampere  hour  capacity  was  to 
be  restored  to  activity,  it  would  take  about  15  or  16  hours  to  charge 
it  instead  of  the  12  hours  one  might  think  necessary  if  the  total 


capacity  was  divided  by  the  charing  rate.  Storage  batteries  can 
be  charged  directly  from  110  volt  or  220  volt  direct  current  lighting 
circuits  by  simply  using  a  bank  of  lamps  in  series  vdth  the  battery 
as  indicated  at  Fig.  93  or  a  rheostat  as  shown  at  Fig,  93-A  to  regu- 
late the  number  of  amperes  flowing  into  the  battery.  Then  a  bank 
of  lamps  is  employed,  either  16,  32  or  64  candle  power  bulbs  may  be 
utilized.  A  16  candle  power  carbon  filament  lamp  consumes  about' 
.5  of  an  ampere  when  used  on  110  volt  circuit.  If  it  is  desired  to 
pass  3  amperes  of  current  through  the  battery  one  can  use  six  16 
candle  power  lamps  in  multiple  or  three  32  candle  power;  or  one  64 
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and  one  32  candle  power  bulb.  When  a  rheostat  is  used  an  ammeter 
is  interposed  in  the  circuit  in  order  to  determine  the  amount  of  cur- 
rent flowing  through  the  battery.  The  amperage  can  be  regulated 
by  varying  the  position  of  the  rheostat  control  handle  so  that  more 
or  less  resistance  is  interposed  in  the  circuit. 

Q.  How  are  storage  batteries  charged  from  alternating  cur- 
rent? 

A.  Storage  batteries  can  be  charged  from  alternating  current 
only  by  using  some  form  of  rectifier  in  order  that  the  alternating 
impulses  will  be  made  to  flow  through  the  battery  in  only  one  direc- 
tion. These  may  be  of  the  mercury  bulb  or  electrolytic  form,  both 
types  having  been  used  with  success. 

Q.    What  is  the  electrolyte  of  the  storage  battery? 

A.  The  electrolyte  or  exciting  liquid  used  in  a  storage  battery 
is  a  dilute  solution  of  sulphuric  acid  and  water,  mixed  to  the  pro- 
portion of  about  ten  parts  water  to  one  part  acid. 

Q.  What  is  its  specific  gravity  when  battery  is  fully  charged, 
and  how  is  this  determined? 

A.  The  specific  gravity  of  the  electrolyte  forms  a  good  indication 
of  the  condition  of  the  storage  battery.  When  fully  charged,  the 
specific  gravity  should  be  1350  degrees  when  tested  with  the  stand- 
ard form  of  hydrometer,  having  suitable  scale  for  use  with  storage 
battery  electrolyte. 

Q.  How  does  a  mechanical  generator  of  electricity  produce 
current? 

A.  The  current  of  electricity  obtained  from  a  mechanical  gen- 
erator is  derived  by  passing  a  number  of  loops  of  wire  wound  around 
a  soft  iron  core  between  the  pole  pieces  of  a  powerful  magnet  so 
these  coils  of  wire  cut  the  lines  of  magnetic  force.  This  induces  a 
current  of  electricity  in  them  proportional  to  the  speed  at  which 
they  are  rotated,  the  number  and  size  of  the  coil  loops  and  the 
strength  of  the  magnetic  energizing  field. 

Q.     What  is  the  difference  between  a  dynamo  and  magneto? 

A.  A  dynamo  differs  from  a  magneto  principally  in  the  manner 
of  creating  a  magnetic  field.      In  the  dynamo  electro-magnets  are 
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used  to  excite  the  pole  pieces  between  which  the  armature  revolves, 
while  in  the  magneto  the  field  magnets  are  of  the  permanently  ex- 
cited type  without  any  winding. 

Q.     Describe  action  of  typical  dynamo. 

A.  A  typical  dynamo  is  shown  in  section  at  Fig,  94.  The  prin- 
cipal parts  are  the  armature,  which  revolves  between  the  pole  pieces, 
and  the  field  magnet  which  surrounds  the  armature.  A  large  number 
of  windings  of  insulated  wire  are  suitably  disposed  on  the  armature 
core  and  are  connected  to  segments  of  a  collecting  device  termed  a 
"commutator,"  which  is  mounted  on  the  armature  shaft  so  that  it 
turns  with  the  armature.  The  shaft  to  which  the  armature  and  com- 
mutator are  secured  is  mounted  on  ball  bearings  and  is  driven  by 
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a  friction  governor  which  prevents  the  M'mature  from  being  driven 
at  excessive  speeds.  The  field  magnets  are  composed  of  a  number 
of  stamped  laminse  of  soft  iron  around  which  are  wound  two  coiU 
of  wire  that  serve  to  magnetize  the  field  when  a  current  of  electri- 
city b  passed  through  them.  As  the  armature  is  revolved  between 
the  pole  pieces,  the  electrical  current  induced  in  the  armatm'e  wind- 
ings is  delivered  to  the  commutator,  from  which  it  is  collected  by 
brushes  attached  to  terminals  by  which  the  device  is  joined  to  the 
external  circuit.  The  entire  assembly  is  housed  in  a  metal  case  so 
it  is  completely  protected. 

Q.     How  many  types  of  magneto  are  used? 

A.     Two  main  forms  of  magneto  are  used  for  motor  car  ignition 
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purposes^  One  of  these  generates  a  current  of  low  voltage  6nd  is 
called  a  "low  tension  magneto,"  while  the  other  form  produces 
current  of  high  potential  and  is  called  a  "high  tension  magneto." 

Q.     Describe  action  of  low  tension  device. 

A.  The  low  tension  magneto  has  an  armature  winding  compOBed 
of  but  one  size  of  wire,  and  before  the  current  will  overcome  the  re- 
fiistsnce  of  the  air  gap  at  the  spark  plug  points  it  must  be  transformed 
to  a  higher  voltage  by  means  of  an  induction  coil."  '     - 

Q.     How  does  high  tension  magneto  differ  io;  construction   -    ' 
from  low  tension  types?  '  .    :' 

A.  There  is  no  marked  difference  in  gpneriJ  design  of  high  andi  ^  , 
low  tensiomnagnetos.  The  difference  ia  principally  in  the  armat^iiej^j'iS  ' 
winding,  which  ia  a  double  form  on  the  high  tension  device.,  A  et^'JjSS 
rent  of  sufficiently  high  potential  is  delivered  directly  Crofti  Ihe  iirM-;|wSi^ 
ature  to  the  spark  .plug -fe  the  high  tensiim -system  because  _tlie  twb.^SS 
windings  give  practically  the  same  effect  ^  is  obtained  from  tlMj^B^f' 
ordinary  form  of  induction  coil.  '— W^J 

Q.     What  are  the , advantages  of  the'  true  high  tensioiw^«a»JP^  ,' 

cipie?  '  -     '"      -.jifii'-;; 

A,     The  high  tension  magneto  has  advantages  that  are  readily- !'!J*-,>ji 
perceived.     Owing  to  the  elimination" of  the  induction  coil  and  its  ^^■j 
auxiliary  wiring  it  is  a  self  containejl  device  that  is  practically  a  -'-■' 
complete  ignition  system  in  itself,  needing  only  spark  plugs  in  the 
cylinders  and  short  wires  connecting  thrm  to  the  distributor  of  the 
magneto  to  complete  it. 

Q.     Wherein  is  a  dynamo  superior  toA  jnagneto? 

A.  A  dynamo  is  superior  to  a  magneto  in  all  cases  where  cur- 
rents of  large  amperage  and  constant  value  are  needed,  as  in  charg- 
ing storage  batteries  or  supplying  current  for  electric  lights  and 
electric  self-starting  systems. 

Q.     Why  is  a  magneto  better  for  ignition? 

A.  A  magneto  is  superior  for  ignition  because  on  the  efficient 
forms  they  will  produce  a  current  of  sufficient  intensity  to  explode 
the  gas  charge  in  the  cylinders  when  turned  at  very  low  speed. 
The  usual  form  of  high  tension  magneto  will  produce  a  hot  spark 
with  but  a  quarter  turn  of  the  armature,  which  makes  it  possible  to 
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start  an  engine  equipped  with  a  device  of  this  character  more  easily 
than  would  be  the  case  if  a  dynamo  was  employed.  Owing  to  the 
use  of  permanent  magnets  the  magnetic  field  is  always  present  in 
a  magneto^  whereas  it  has  to  be  built  up  in  a  dynamo  and  only  at- 
tains its  maximimi  value  after  the  armature  has  made  several  hun- 
dred revolutions.  Obviously,  the  magneto  with  its  constant  mag- 
netic field  will  deliver  current  as  soon  as  the  armature  is  rotated 
enough  to  cut  the  lines  of  magnetic  influence  between  the  pole 
pieces. 

Q.     Name  principal  parts  of  high  tension  magneto. 

A.  The  principal  parts  of  a  high  tension  magneto  are  clearly  in- 
dicated  at  Fig.  95.  The  magnetic  field  is  produced  by  two  pairs 
of  permanent  magnets  of  the  horse  shoe  form  between  the  pole 
pieces  of  which  the  armature  assembly  revolves.  The  armature 
shaft  is  supported  by  ball  bearings  in  order  that  it  will  turn  with 
minimum  friction.  A  condenser  is  mounted  in  the  armature  and  re- 
volves with  it  while  a  breaker  box  is  carried  at  one  end  of  the  arma- 
ture shaft.  The  current  generated  in  the  armature  is  collected  by  a 
brush  that  bears  on  an  insulated  ring  carried  by  an  ebonite  insulat"* 
ing  spool  mounted -on  the  driving  end  of  the  armature  shaft.  From 
the  armature  the  current  is  delivered  to  the  high  tension  distributor. 

Q.  How  is  the  armature  wound  ? 

A.  The  method  of  winding  the  armature  is  clearly  shown  at  Fig. 
95  and  95- A.  '  Two  different  sizes  of  wire  are  used,  one  being 
coarser  than  the  other.  The  coarse  wire  is  wound  around  the  arm- 
ature core  to  form  a  primary  winding,  while  the  fine  wire  is  wound 
over  the  primary  coil  to  form  a  secondary  winding. 

Q.     What  does  the  distributor  do? 

A.  As  is  clearly  shown  at  Fig.  95-A,  the  high  tension  current 
delivered  from  the  secondary  winding  of  the  armature  is  collected 
by  a  carbon  brush  which  conveys  it  to  a  central  distributing  seg- 
ment in  the  distributor  casing.  Four  contacts,  which  are  insulated 
from  each  other  and  the  rest  of  the  magneto,  are  used  on  a  f.our 
cylinder  magneto  and  it  is  to  these  segments  the  various  wires  that 
run  to  the  spark  plugs  are  joined.  The  distributing  brush  conveys 
the  high  tension  current  from  the  central  portion  of  the  distributor 
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which  revolves  at  one-half  armature  shaft  speed  to  the  various 
contact  segments  progressively  and  from  these  to  the  plugs  in  the 
cylinders  in  their  firing  order. 

Q.     What  is  the  function  of  the  breaker  box? 

A.  The  breaker  box  which  is  clearly  shown  at  Fig.  96  makes  and 
breaks  the  primary  circuit  twice  each  revolution,  and  for  each  in- 
terruption in  the  circuit,  which  is  caused  by  the  contact  points  separat- 
ing because  of  cam  action,  a  current  of  electricity  is  induced  in  the 
secondary  winding.  This,  in  turn,  produces  a  spark  at  whichever 
plug  happens  to  be  in  connection  with  the  revolving  distributor 
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Fig.  95A. — Diagram  Showing  Wiring  of  Bosch  D.  U.  4  Magneto. 

brush.     The  breaker  box  may  be  rocked  back  and  forth,  or  oscil- 
lated to  advance  or  retard  the  time  of  the  spark. 

Q.    Why  is  a  condenser  used? 

A.  A  condenser  is  used  in  a  magneto  for  the  same  reason  that  it 
is  incorporated  in  an  induction  coil  and  that  is  to  absorb  the  ex- 
cess current  that  would  be  apt  to  produce  a  spark  between  the  plat- 
inum points  of  the  contact  breaker  when  they  are  separated. 

Q.    What  is  the  purpose  of  the  spark  gap? 

A.     The  spark  gap  is  a  simple  device  that  corresponds  to  the 


Current  Producers " 


Questions  and  Answers 


Pig.  97. — Longitudinal  Crou  Section  of  K.  W.  Pour-Cylinder  Magneto 
Uaing  Stationary  Windings  and  Rotary  Inductor  Members  In- 
stead of  Revolving  Windings. 

safety  valve  of  a  steam  boiler.  If  currents  of  suiEciently  high  volt- 
age are  produced  by  the  armature  to  burn  out  or  short  circuit  the 
winding  it  can  escape  to  the  ground  by  leaping  across  the  air  gap  of 
the  safety  device, 

Q.  What  is  the  difference  between  a  magneto  for  a  single 
cylinder  engine  and  one  intended  for  a  multiple  cylinder  engine? 

A.  .  The  construction  of  a  single  cylinder  magneto  is  consider- 
ably simpler  than  that  intended  for  a  multiple  cylinder  engine 
because  the  secondary  distributor  and  its  driving  gears  are  eliminated 
and  the  high  tension  current  is  delivered  directly  from  the  collector 
brush  that  bears  on  the  ring  carried  by  the  ebonite,  fiber  or  hard 
rubber  spool  on  the  armature  shaft,    A  multiple  cylinder  magneto 
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will  have  a  distributor  to  which  the  high  tension  current  is  delivered 
which  in  turn  is  commutated  to  the  various  segments  which  de- 
liver the  current  to  the  spark  plug.  The  contact  breaker  of  a  one 
cylinder  magneto  employs  a  single  point  cam,  whereas  that  of  a 
multiple  cylinder  employs  a  two  point  cam. 

Q.  How  fast  are  magnetoa  driven  on  two-  and  four-cycle 
engines  ? 

A,  The  armature  speeds  are  just  twice  as  fast  as  the  following 
values  for  a  two-cycle  engine  having  the  same  number  of  cylindera 
as  the  four-cycle  types  that  follow.  A  single  cylinder  magneto  turns 
at  camshaft  speed,  a  two  cylinder  magneto  will  be  driven  at  either 
camshaft  or  crankshaft  speed  depending  upon  the  arrangement  of 
the  contact  breaker  box  and  whether  or  not  it  is  fitted  with  a  dis- 
tributor.   A  magneto  intended  for  a  three  cylinder  engine  is  driven 


Fig.  98. — Longitudinal  Cross  Section  of  Pittsfield  Magneto,  Anotner 
Form  Utilizing  a  Rotating  Inductor  and  Stationary  Transformer 
CoiL 
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at  three-quarters  the  speed  of  the  crankshaft,  while  a  four  cylinder 
device  is  driven  at  the  same  speed  as  the  crankshaft.  Owing  to 
the  greater  frequency  in  explosions  in  a  six  cylinder  motor,  it  is 
necessary  to  turn  the  magneto  armature  at  1.5  times  the  crankshaft 
speed. 

Q.     How  are  distributor  contacts  spaced? 

A,  The  contact  segments  in  a  secondary  distributor  are  spaced 
just,  the  same  as  those  of  a  primary  timer  when  used  on  the  same 
type  of  engine. 

Q.  Why  must  magneto  speed  and  distributor  arrangement  be 
changed  for  the  different  number  of  cylinders? 

A.  As  the  number  of  cylinders  are  increased  the  number  of  ex- 
plosions needed  each  revolution  of  the  crankshaft  augments 
proportionately,  so  it  is  necessary  to  drive  the  magneto  faster 
because  a  spark  is  obtained  but  twice  each  revolution  of  the  mag- 
neto armature.  On  a  four  cylinder  engine,  which  has  two  explo- 
sions per  revolution  of  the  crankshaft,  the  magneto  armature  is 
driven  at  the  same  speed  as  the  crankshaft,  because  it  is  capable 
of  supplying  a  spark  each  half  revolution  of  the  armature.  On  a 
six  cyUnder  engine  where  the  crankshaft  receives  three  power  im- 
pulses per  revolution  it  is  necessary  to  drive  the  magneto  at  a  speed 
that  will  enable  it  to  deliver  three  sparks  for  each  revolution  of  the 
crankshaft,  which  means  that  the  magneto  armature  must  turn 
half  again  as  fast  as  the  motor  shaft.  Obviously,  the  distributor 
contacts  must  be  changed  in  number  on  each  size  of  magneto  be* 
cause  one  contact  segment  is  used  for  each  cylinder  to  be  fired. 

Q.     How  are  magnetos  driven? 

A.  Magnetos  of  the  high  tension  type  used  for  ignition  pur- 
poses are  always  positively  driven  by  chain  or  gear  connections 
with  the  engine  crankshaft  or  camshaft. 

Q.     Why  are  positive  driving  means  essential? 

A.  The  magneto  armature  must  be  driven  positively  because 
the  current  generation  must  be  timed  to  occur  at  the  proper  time 
for  ignition  in  the  engine  cylinders  and  this  makes  it  imperative 
that  the  drive  be  by  some  non-yielding  positive  means  in  order  to 
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insure  that  the  ignition  spark  will  always  occur  at  the  same  time 
relative  to  the  piston  position  or  at  top  center  in  the  cylinder  about 
to  be  fired. 

Q.     How  are  dynamos  driven? 

A.  Dynamos  may  be  driven  by  direct  gearing,  if  desired,  though 
this  is  not  necessary  because  this  instriunent  delivers  a  low  tension 
current  that  must  be  used  in  connection  with  suitable  timing  and 
intensifying  means  that  are  auxiliaries  to  the  dynamo.  A  dynamo 
can  be  driven  by  flat  or  V  leather  belts  and  in  some  forms  the  armature 
is  rotated  by  contact  of  a  friction  pulley  against  the  engine  flywheel 
periphery. 
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Fig.  lOOA.— Outlining  Method  of  "Floating  Battery  on  Line"  Generally 
Used  When  Current  From  Dynamo  Type  Generator  is  Employed 
for  Ignition,  Electric  Lighting  or  Self-Starter  Service. 

Q.     Describe  a  combination  battery-magneto  ignition  system? 

A.  On  some  forms  of  engines  two  practically  separate  ignition 
systems  are  provided,  one  being  by  battery,  timer  and  spark 
coil,  while  the  other  system  is  by  magneto,  which  is  another  self- 
contained  system.  When  used  in  the  manner  outlined  at  Fig.  100, 
either  magneto  or  battery  outfit  may  be  utilized  for  ignition  pur- 
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poses.  The  change  from  one  to  the  other  is  easily  accomplished 
by  shifting  a  switch  lever.  When  a  system  of  this  kind  is  provided 
the  battery  group  is  intended  to  be  used  only  for  starting  and 
emergency  service  in  event  of  failure  of  the  mechanical  generator. 
The  magneto  is  used  regularly  in  order  to  conserve  the  battery 
energy.  Combination  systems  of  this  nature  are  seldom  provided 
at  the  present  time  because  the  improvements  made  in  magneto 
design  and  construction  have  practically  eliminated  all  liability  of 
trouble  at  this  point.  Many  cars  made  in  previous  years  are  fitted 
with  combination  systems  so  it  is  well  for  the  reader  to  become 
familiar  with  the  arrangement  of  the  parts  and  their  functions. 

Q.     What  is  meant  by  "floating  the  battery  on  the  line"? 

A.  A  storage  battery  is  said  to  be  "floated  on  the  line"  when 
it  is  used  in  connection  with  a  dynamo  which  keeps  it  always  fully 
charged  as  outlined  at  Fig.  100-A.  The  dynamo  current  is  first 
directed  to  an  automatic  cut-out  arrangement  and  from  thence  to 
the  storage  battery,  the  cut-out  being  used  to  interrupt  the  circuit 
when  the  dynamo  is  not  generating  energy  in  order  to  prevent  the 
storage  battery  from  discharging  back  through  the  dynamo  and 
converting  that  into  a  motor.  The  current  for  ignition  is  taken 
from  the  storage  battery  instead  of  from  the  dynamo  so  that  a  con- 
stant delivery  of  current  is  obtained  regardless  of  fluctuations  in 
engine  speeds  and  the  changing  amounts  of  current  delivered  from 
the  battery  charger  because  of  these  variations  in  rotative  speed  of 
the  dynamo  armature.  When  utilized  in  this  manner  a  storage 
battery  gives  very  good  service,  because  it  is  always  kept  fully 
charged  by  the  dynamo  and  is  operating  at  maximum  efficiency. 
This  system  can  be  applied  to  great  advantage  in  connection  with 
electric  car  lighting  and  engine  starting  systems. 


LESSON  TEN 

LOW  TENSION  IGNITION  SYSTEMS 

Q.     Name  principal  parts  of  low  tension  ignition  system. 

A.  A  low  tension  ignition  system  consists  essentially  of  the 
current  generator  usually  of  the  magneto  form  and  a  series  of  make^ 
and-break  contact  plates  attached  to  the  cylinder  wall  ia  such  a 
way  that  a  pair  of  contact  points  extend  through  into  the  combustion 
chamber. 

Q.     How  is  the  spark  produced  in  the  cylinder?  ^ 

A.  The  spark  is  produced  in  the  cylinder  by  the  separation  of 
the  contact  points  at  the  instant  of  maximum  current  generation 
in  the  magneto  armature.  / 

Q.     How  is  the  spark  timed?  * 

A.  The  make-and-break  igniter  plated  are  operated  by  a  cam- 
shaft, as  outlined  at  Fig.  101,  and  the  points  of  the  igniter  plate  are 
only  separated  by  the  mechanism  at  the  time  a  spark  is  desired  in 
the  combustion  chamber.  The  spark  time  is  thus  controlled  by  the 
position  of  the  operating  cam  which  is  usually  so  timed  in  relation 
to  the  crankshaft  travel  that  it  will  separate  the  igniter  points  in 
the  cylinder  about  to  fire  at  just  the  proper  time. 

Q.  Is  battery  current  strong  enough  to  produce  low  tension 
spark? 

A.  Battery  current  can  be  utilized  in  producing  a  low  tension 
spark  though  more  energy  is  required  than  would  be  needed  by  b^ 
high  tension  ignition  system.  The  battery  current  must  be  inten- 
sified to  some  extent  by  means  of  a  "kick-coil"  which  increases  the 
current  value  at  the  time  contact  is  broken  in  the  engine  cylinder. 
Dry  cells  are  not  suitable  for  use  on  low  tension  igniter  plates  un- 
less these  have  been  designed  especially  for  use  with  battery  current. 
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A  storage  battery  is  more  suitable  because  it  will  maintain  a  stead- 
ier flow  of  current  and  is  not  exhausted  so  soon  as  primary  cells, 
especially  if  the  igniter  plate  construction  is  based  on  the  use  of 
electrical  current  supplied  by  a  magneto.  An  igniter  plate  intended 
for  use  solely  with  batteries  is  devised  in  such  a  way  that  contact  is 
established  and  broken  between  the  points  of  the  igniter  plate  only 

when  a  spark  is  neces- 

sary,  whereas  on  igniter 
plates  that  operate  with 
magneto  current  the 
points  are  kept  perman- 
ently short-circmted  or 
in  contact  together  until 
the  spark  is  needed  m 
the  cylinder.  Where  the 
contact  points  are  prac- 
tically always  together 
it  will  be  seen  that  the 
battery  current  would 
be  permanently  short 
circuited.  Therefore,  on 
most  forms  of  low  ten- 
sion ignition  systems 
the  battery  is  supplied 
only  for  an  emergency 
use,  as  it  will  soon  become  exhausted  if  employed  for  regular 
ignition  service. 

Q.  How  is  spark  coil  made,  and  what  is  the  diFFerence  be- 
tween low  tension  "kick  coil"  and  induction  coil  used  in  high 
tension  systems? 

A.  The  kick  coil  consists  of  a  core  of  soft  iron  wire  ^ound  which 
is  wrapped  eight  or  ten  windings  of  coarse  mf^net  wire  No,  16  or 
18  gauge.  Unlike  the  induction  coil  the  "kick  coil"  has  only  one 
winding  of  coarse  wire  and  does  not  employ  a  vibrator  or  condenser. 
It  is  much  simpler  than  the  induction  coil,  because  the  secondary 
winding,  the  condenser  and  the  vibrator  parts  are  eliminated.  It 
is  connected  in  series  with  the  battery  current,  i.  e.  the  positive 
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wire  which  leac's  to  the  bus  bar  or  to  the  insulated  terminals  of  the 
igniter  plate  is  connected  to  one  of  the  terminals  of  the  coil  so  the 
winding  of  the  coil  really  forms  an  extension  of  the  conductor  lead- 
ing to  the  igniter  plates.  The  other  battery  terminal  is  connected 
to  the  ground  through  a  simple  form  of  switch. 

Q.    Describe  construction  of  igniter  plate. 

A.  A  typical  igniter  plate  which  has  been  used  successfully  on 
many  Locomobile  cars  is  shown  at  Fig.  102.  The  view  at  1  shows 
the  exterior  of  the  plate  which  is  approximately  triangular  in  form 
and  which  has  three  projecting  lugs  by  which  it  is  boiled  to  the 
combustion  chamber.  The  interior  view  is  shown  at  IB,  this  showing 
the  movable  hammer .  member,  which  is  rocked  by  the  simple 
lever  extending  to  the  tappet  rod  operated  by  the  camshaft.  The 
combination  of  hammer  and  operating  lever  forms  a  bell-crank 
provided  with  a  suitable  journal  in  the  igniter  plate  so  the  hammer 
member  can  rock  back  and  forth  and  establish  contact  with  the  fixed 
insulated  member  which  is  called  the  "anvil"  and  which  is  shown 
detached  from  the  igniter  plate  at  3,  The  hammer  is  provided 
with  a  platinum  contact  point  which  normally  rests  against  a  sim- 
ilar contact  member  on  the  stationary  anvil. 

The  wire  conveying  current  from  the  magneto  or  battery  is  attach- 
ed to  the  fixed  terminal  or  anvil  insulated  from  the  main  body  por- 
tion of  the  igniter  plate.  The  plate  shown  is  provided  with  a  taper 
joint,  so  that  it  makes  a  gas  tight  connection  when  inserted  into 
the  opening  made  to  receive  it  in  the  combustion  chamber  wall. 

The  method  of  operation  of  the  igniter  plate  is  clearly  outlined 
at  Fig.  103- A.  As  will  be  seen  the  cam  lifts  the  roller  on  the  tappet 
rod  plunger  and  establishes  the  circuit  which  is  broken  as  soon  as 
the  roller  rides  oflf  of  the  point  of  the  cam  and  the  contact  points 
at  the  gniter  plate  are  separated.  i^ 

In  the  diagram  at  Fig.  103-B  the  various  parts  of  the  igniter 
plate  operating  mechanism  are  clearly  outlined.  The  main  current 
conveyer  or  bus  bar  1  is  brought  into  electrical  connection  with  the 
insulated  terminal  6  and  the  anvil  carried  in  plate  3  by  means  of 
the  switch  lever  ^.  The  grounded  hammer  member  4  is  operated 
by  the  external  lever  5  which  establishes  contact  between  the  ham- 
mer 4  and  the  anvil  6  when  it  is  raised  by  the  rod  9  which  applies 
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its  pressure  througb  the  medium  of  the  spring  8  as  the  roll  carrying 
plunger  11  is  rused  by  the  cam  member  in  the  guide  bushing  10. 
When  the  roller  carrier  11  drops  off  the  point  of  the  cam,  the  rod  9 
'  is  pulled  down  and  the  hammer  4  is  separated  from  the  anvil  6 
by  means  of  the  nut  7  at  the  end  of  the  rod  9.  The  spark  time  is 
advanced  and  retarded  by  sliding  the  igniter  operating  camshaft 
along  BO  that  the  roller  on  the  member  11  is  r^sed  sooner  or  later 
depending  upon  its  position  with  reference  to  the  inclined  cam  point. 

Q.  Is  coil  needed  with  magneto  on  low  tension  ignition  sys- 
tem? 

A.     As  the  magneto  armature  may  be  wound  with  sufficient 


Fig.  103. — Showing  Action  of  Locomobile  Low  Tension  Igniter  Plate. 
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wire  to  produce  a  hot  energetic  spark  a  current  of  sufficient  inten- 
sity may  be  produced  directly  from  the  mechanical  generator  with- 
out the  use  of  a  ''kick-coir'  such  as  necessary  with  a  battay. 

Q.    Must  magneto  be  timed? 

A«  The  armature  of  the  magneto  must  be  timed  with  a  certain 
definite  relation  to  the  crankshaft  of  the  motor  because  the  igniter 
points  separate  in  the  combustion  chamber  only  when  the  magneto 
armature  has  attained  that  portion  of  a  revolution  where  the  current 
generation  in  the  arinature  winding  is  at  its  maximum  value.  This 
means  that  the  magneto  must  be  driven  by  positive  means  from  the 
engine  crankshaft,  and  on  a  four  cylinder  en^e  the  magneto  arm- 
ature rims  at  crankshaft  speed  just  as  in  the  high  tension  forms. 

Q.    What  are  the  advantages  of  this  system? 

A.  It  is  claimed  that  the  low  tension  system  of  ignition  is  not 
affected  by  water  as  is  the  high  tension  form  with  exposed  spark 
plugs  and  that  it  will  produce  a  hotter  spark  than  will  the  high 
tension  system.  It  is  widely  used  in  marine  and  stationary  instal- 
lations but  is  seldom  employed  at  the  present  time  on  motors  in- 
tended as  automobile  power  plants. 
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HIQH  TENSION  IGNITION  SYSTEMS 

Q.  How  many  types  of  high  tension  ignition  systems  are 
used? 

A.  Two  main  forms  of  high  tension  systems  are  used,  those  ia 
which  the  current  is  generated  by  a  magneto  and  the  others  which 
use  chemical  current  producers  to  generate  the  electrical  energy 
which  must  be  intensified  by  means  of  transformer  coil  before  it 
can  be  directed  to  the  plugs. 

Q.  Describe  action  of  simple  induction  coil,  timer,  and  bat- 
tery system  for  single  cylinder  engines. 

A.  The  arrangement  of  the  parts  of  a  simple,  high  tension 
ignition  system  has  been  previously  considered  and  is  clearly  out- 
lined at  Fig.  77-A.  The  current  is  supplied  by  means  of  a  storage 
battery  or  a  six  cell  dry  battery,  as  desired.  The  positive  terminal 
of  the  dry  battery  group  and  that  of  the  storage  battery  are  joined 
together  and  are  connected  with  the  ground  which  may  be  any 
point  on  the  metal  frame  of  the  engine.  The  wire  from  the  zinc 
terminal  of  the  dry  battery  group  goes  to  one  side  of  a  two  point 
switch  while  the  negative  terminal  of  the  storage  battery  is  con- 
nected to  the  other  side  of  the  switch.  Either  the  dry  or  storage  bat- 
tery may  be  brought  in  circuit  with  the  induction  coil  and  timer 
by  moving  the  switch  lever  to  one  side  or  the  other. 

The  timer  is  a  simple  form  having  one  insulated  contact  segment 
which  is  connected  to  one  of  the  primary  terminals  of  the  coil. 
The  other  primary  terminal  of  the  coil  is  connected  to  the  switch 
lever  while  the  secondary  coil  terminal  is  connected  to  the  insulated 
terminal  of  the  spark  plug  by  means  of  a  well  insulated  high  ten- 
sion cable.  As  the  crankshaft  of  the  engine  revolves,  it  turns  the 
revolving  contact  member  of  the  timer  and  when  the  piston  reaches 
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the  proper  position  in  the  combustion  chamber  the  roll  on  the  re- 
volving timer  member  makes  a  contact  with  the  insulated  segment 
carried  by  the  timer  case.  Assuming  that  the  switch  lever  is  on 
the  storage  battery  contact  button,  the  current  will  flow  from  the 
positive  terminal  of  the  storage .  battery  to  the  ground  on  the  en- 
gine base  and  from  thence  through  the  medium  of  the  metal  parts 
of  the  engine  to  the  revolving  timer  brush,  which  is  in  metallic 
contact  with  the  engine  camshaft,  and  which,  therefore,  transmits 
the  current  through  the  insulated  segment  to  the  primary  termi- 
nal of  the  spark  coil,  because  of  the  connection  or  wire  joining 
these  two  parts. 

When  the  current  passes  through  the  primary  winding  of  the  coil 
it  produces  a  secondary  current  in  the  high  tension  winding  as  has 
been  previously  explained  and  passes  out  of  the  coil  box  through 
the  primary  terminal  which  is  joined  to  the  switch  lever  and  from 
that  point  back  to  the  storage  battery  through  the  switch  lever 
and  the  wire  connecting  the  battery  with  the  switch.  As  long  as 
the  engine  revolves  a  contact  will  be  established  at  the  timer  every 
two  revolutions  of  the  crankshaft  and  a  current  will  flow  from  the 
batteries  through  the  primary  winding  of  the  coil  and  back  again  to 
the  battery.  Each  time  a  primary  circuit  is  established  at  the 
timer  a  spark  will  be  produced  at  the  spark  plug  points  and  the 
gas  compressed  in  the  combustion  chamber  by  piston  will  be  ex- 
ploded. 

Q.  Outline  action  of  induction  coil,  timer,  and  battery  system 
for  four  cylinder  engine. 

A.  The  action  of  the  four  cylinder  ignition  system  outlined  at 
Fig.  100  is  exactly  the  same  as  that  previously  described.  Instead 
of  a  single  unit  coil  a  spark  coil  assembly  having  four  units,  one  for 
each  cylinder,  is  employed  and  a  timer  is  used  that  has  four  insul- 
ated contact  segments,  one  for  each  cylinder  of  the  engine.  As  the 
timer  contact  revolves  it  makes  an  electrical  connection  with  the 
various  insulated  segments  in  turn  so  that  the  various  primary 
windings  are  energized  when  a  spark  is  desired  in  the  cylinder  that 
is  to  be  fired,  depending  upon  the  firing  order.  In  the  group  shown 
at  Fig.  100,  a  spark  takes  place  first  in  cylinder  No.  1,  then  in  cyUnder 


High  Tension  Ignition  Systems  197 

No.  2,  followed  by  a  spark  in  cylinder  No.  4  and  lastly  one  in  cyl- 
inder No.  3. 

Q.     Describe  action  of  distributor  system. 

A.  It  is  not  necessary  to  use  a  separate  unit  for  each  cylinder 
to  be  fired  as  single  induction  coil  may  be  used  for  any  number  of 
cylinders,  if  a  combined  primary  timer  and  secondary  distributor 
is  employed.  A  distributor  system  for  a  six  cylinder  engine  is  clearly 
shown  at  Fig.  104.  The  batteries  are  connected  to  the  switch 
which  is  mounted  on  the  face  of  the  spark  coil  in  the  customary 
manner  and  the  connection  between  the  switch  lever  and  the  primary 
winding  is  made  in  the  regular  way,  only  that  the  wire  does  not 
show  because  the  connect  on  is  made  inside  of  the  coil  box.  The 
primary  timer  is  just  the  same  as  the  form  used  in  all  battery  igni- 
tion systems  except  that  the  six  insulated  primary  contact  segments 
are  joined  together  by  a  metal  band  outside  of  the  body  and  a  single 
wire  leads  from  these  to  the  primary  terminal  at  the  top  of  the  coil, 
which  is  exactly  the  same  type  as  used  on  a  single  cylinder  engine. 

The  secondary  terminal  of  the  coil  is  connected  to  the  rotating 
distributing  brush  carried  at  the  upper  portion  of  the  distributor. 
This  secondary  brush  establishes  contact  with  the  various  terminals, 
which  are  joined  to  the  spark  plugs  in  the  cylinders.  The  wires  are 
arranged  in  such  a  manner  that  the  spark  plugs  are  brought  into 
action  progressively  as  the  firing  order  dictates.  The  primaiy  timer 
portion  establishes  six  contacts  every  revolution  and  all  of  these 
energize  the  one  primary  winding.  The  distributor  brush  is  depend- 
ed on  to  do  the  timing  and  to  convey  the  high  tension  current  from 
the  spark  coil  to  the  plug  where  the  spark  is  to  occur. 

Q.     What  are  the  advantages  of  the  distributor  system? 

A.  When  a  separate  induction  coil  imit  is  used  for  each  cylinder 
it  is  difficult  to  adjust  the  vibrators  on  all  of  the  coil  units  so  that 
they  will  be  exactly  the  same  in  adjustment  and  it  is  possible  for 
one  or  more  of  the  vibrators  to  lag  behind  the  others,  i.  e.  they  will 
not  start  to  vibrate  as  quickly  as  those  which  may  diflfer  in  adjust- 
ment and  as  a  result  the  spark  does  not  occur  at  absolutely  the 
same  time  relative  to  the  piston  position  in  all  the  cylinders.  When 
a  single  coil  is  used  on  a  multiple  cylinder  engine  but  one  vibrator 
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is  provided  and  its  adjustment  is  the  same  for  all  cylinders.  *  As  the 
one  vibrator  is  depended  on  it  will  be  kept  in  constant  motion  and 
less  primary  current  will  be  needed  to  energize  the  primary  wind- 
ings. 

A  properly  installed  secondary  distributor  is  the  simplest  method 
of  obtaining  synchronized  ignition  with  battery  and  coil  system. 
The  use  of  a  single  coil  greatly  simpliJSes  the  system,  especially  on 
four  and  six  cylinder  engines  where  the  multiple  unit  coil  is  large 
and  occupies  considerable  room.  The  electrical  wiring  is  simplified 
and  the  liability  of  trouble  owing  to  short  circuited  wires,  loose  con- 
nections, etc.,  reduced  because  less  w're  is  needed 

Q.     What  is  the  "master  vibrator  system"? 

A.  A  master  vibrator  system  is  similar  to  the  conventional 
multiple  unit  coil  ignition  method,  the  only  exception  being  that 
a  specially  constructed  vibrator  is  used  for  all  four  units  of  the 
coil.  It  is  wired  in  circuit  with  the  various  coil  units  and  operates 
regardless  of  which  contact  is  made  at  the  primary  timer.  With  a 
master  vibrator  the  advantage  oflfered  by  the  distributor  system  ol 
only  having  one  vibrator  for  any  nmnber  of  cylinders  is  obtained, 
but  the  wiring  is  not  simplified  and  practically  all  the  parts  used 
in  the  conventional  multiple  unit  coil  system  are  used  with  the 
addition  of  the  master  vibrator.  A  master  vibrator  coil  will  consume 
more  current  than  the  regular  multiple  vibrator  coil  or  a  single, 
coil  used  with  a  distributor.  • 

Q.     Describe  simple  true  high  tension  magneto  system. 

A.  The  essential  parts  of  a  high  tension  magneto  ignition  system 
are  outlined  in  diagram  form  at  Fig.  95-A  and  it  will  be  seen  that, 
the  wiring  is  very  simple  and  not  liable  to  give  trouble.  In  this: 
diagram  the  armature  is  shown  in  part  section  so  that  the  various 
components  and  the  methods  of  connecting  them  together  can  be 
readily  ascertained.  When  the  device  is  actually  in  use  there  are 
but  five  external  wires.  Four  of  those  are  heavily  insulated  and 
extend  from  the  terminals  on  the  magneto  distributor  to  the  spark 
plugs  in  the  cylinder.  The  remaining  wire  is  joined  to  the  ground 
and  can  be  interrupted  when  desired  by  a  switch.  Unlike  a  battery 
ignition  system,  the  ground  wire  circuit  is  completed  when  it  is 
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desired  to  interrupt  the  mt^neto  action  and  the  switch  13  opened 
when  the  magneto  is  to  supply  current. 

The  internal  wiring  is  not  difficult  to  follow.  One  end  of  the 
primary  winding  is  attached  to  the  condenser  case  while  the  other 
is  joined  to  the  ground.  The  same  wire  that  joins  the  condenser 
to  the  primary  coil  is  attached  to  one  of  the  leads  of  the  secondary 
winding.     The  other  end  of  the  secondary  winding  goes  totbecol- 


Fig.  105.- 


lector  ring  carried  by  the  insulating  spool  on  the  magneto  armsr 
ture  shaft  and  from  thence  the  current  is  collected  by  a  carbon 
brush  and  dehvered  to  the  revolving  portion  of  the  secondary 
distributor.  The  primary  wire  attached  to  the  condenser  case  ex- 
tends through  and  is  in  electrical  connection  with  the  insulated 
contact  point  in  the  contact  breaker.    The  other  contact  lever  is 
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grounded.  The  condenser  casing  is  made  in  two  parts,  one  of  these 
being  in  metallic  contact  with  the  ground  while  the  other  which  is 
insulated  from  it  serves  to  convey  the  primary  current  to  the  breaker 
box. 

As  the  armature  revolves,  the  contact  breaker  points  separate 
when  the  bell  crank  is  rocked  by  the  actuating  cam  rolls  and  each 
time  that  this  break  occurs,  this  being  timed  so  that  it  is  simul- 
'  taneous  with  the  position  of  maximmn  current  generation  of  the 
armature,  a  spark  takes  place  at  whichever  spark  plug  the  distrib- 
utor arm  (which  is  also  timed  in  relation  to  armature  travel)  happens 
to  deliver  the  current  to.  As  will  be  evident  the  true  high  tension 
magneto  system  is  very  simple  when  compared  to  battery  and  coil 
ignition  systems  that  do  not  give  as  hot  a  spark  and  that  are  not 
nearly  as  reliable. 

Q.     Outline  transformer  coil  magneto  system. 

A.  The  wiring  arrangement  of  a  transformer  coil  ignition  sys-^ 
tem  using  magneto  current  is  clearly  shown  at  Fig.  105,  the  various 
parts  being  separated  in  order  to  make  the  action  clear.  As  is  true 
of  the  simpler  high  tension  system  the  spark  plugs  are  connected 
to  terminals  on  a  distributor  and  the  high  tension  current  is  de- 
livered to  the  central  revolving  member  of  the  magneto  distrib- 
utor. Instead  of  the  derived  current  being  taken  directly  from  the 
magneto  armature  it  is  passed  through  the  primary  winding  of  an 
induction  coil  which  is  similar  in  action  and  construction  to  the  form 
used  with  batteries  except  that  it  has  no  vibrator.  One  end  of  the 
primary  winding  is  grounded  while  the  other  goes  to  the  magneto 
terminal  of  the  switch  and  from  thence  through  the  magneto  arma- 
ture from  which  it  flows  back  again  to  the  ground  through  the  med- 
ium o  the  magneto  contact  breaker. 

When  the  armature  is  in  the  position  of  maximum  current  gener- 
ation, the  platinum  points  of  the  contact  breaker  are  separated 
by  the  cam  and  the  primary  current  must  rush  through  the  primary 
winding  of  the  coil  before  it  reaches  the  ground  instead  of  having 
a  short  circuit  to  the  ground  through  the  contact  points  of  the  con- 
tact breaker,  as  is  possible  when  these  are  together.  The  rush  of 
current  through  the  primary  winding  induces  a  secondary  current 
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Fig.  106. — Diagram  Showing  Wiring  of  Eemjr  Magneto  STstem  for 
Two  Cylinder  Motor. 

in  the  winding  of  fine  wire  having  sufficient  voltage  tu  overcome 
the  air  gap  between  the  points  of  the  apark  plug. 

If  the  switch  lever  is  turned  from  the  position  indicated  so  it  is 
in  contact  with  buttons  No,  2  and  B,  the  battery  current  from  a 
set  of  dry  cella  is  used  to  energize  the  primary  winding,  the  contact 
breaker  of  the  magneto  serving  to  interrupt  the  battery  current  and 
the  distributor  serving  the  same  purpose  whether  the  primary  current 
is  derived  from  the  magneto  armature  winding  or  from  the  battery. 
The  extern^  wu-ing  of  two  systems  of  this  kind  is  outlined  at  Figs, 
106  and  107i  The  former  is  for  a  two  cylinder  engine,  while  that 
at  Fig.  107  is  the  wiring  plan  of  the  same  elements  shown  at  Fig. 
105. 
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Q.     Is  the  spark  coil  always  a  separate  unit? 

A.  The  spark  coil  used  with  a  magneto-transformer  system  ia 
always  a  separate  unit  from  the  armature  winding  but  it  is  some- 
times incorporated  as  part  of  the  magneto,  being  carried  under  the 
arch  of  the  magneto  as  in  the  Connecticut  device  or  at  the  rear 
end  of  the  magneto  as  in  the  Pittsfield  construction. 

Q.  Describe  action  of  double  ignition  system  using  one  set 
of  plugs. 

X.  Sometimes  when  two  distinct  ignition  means  are  fitted  and 
the  magneto  distributor  and  contact  breaker  are  the  timing  parts  of 
each  system  it  is  possible  to  utilize  but  one  set  of  spark  plugs  instead 
of  the  two  sets  which  are  necessary  in  double  ignition  systems  ol 
the  form  outlined  at  Fig.  100.  The  diagram  of  the  wiring  of  a  double 
ignition  system  using  one  set  of  plugs  is  clearly  outlined  at  Figs. 
108  and  109.    The  arrangement  is  always  such  that  either  a  separate 
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battery  contact  maker  is  incorporated  as  an  auxiliary  to  the  usual 
form  of  magneto  contact  breaker  or  the  magneto  contact  breaker 
itself  serves  to  interrupt  the  primary  current  from  the  battery  as  well 
as  that  from  the,  armature  winding.  In  the  system  shown  at  Fig. 
109  the  battery  contact  maker  is  carried  at  the  lower  portion  of 


the  magneto  breaker  box.  The  induction  coil  is  combined  with  a 
switch  and  is  a  form  that  can  be  easily  secitted  to  the  dash  of  the 
car.  The  greater  portion  of  the  coil  box  extends  through  the  dash 
and  the  connections  as  they  are  made  can  be  clearly  followed  by 
reference  to  the  diagram. 

Q.     What  is  the  "Unisparker"  system? 

A.  This  is  a  secondary  distributor  system  in  which  a  non-vibrat- 
or coil  is  employed  in  connection  with  a  form  of  timer  having  plat- 
inum points  that  establishes  instantaneous  contact  and  sends  just 
one  impulse  through  the  primary  winding  of  the  induction  coil 
instead  of  a  series  of  impulses  as  produced  by  the  ordinary  roller 
contact  timer  and  vibrator.    It  is  contended  that  the  one  impulse 
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will  generate  a  strong  enough  spark  to  explode  any  charge  of  gas 
the  cylinder  may  contain  and  that  the  short  contact  is  very  econ- 
omical of  battery  energy  because  it  does  not  require  as  long  a  per- 
iod of  discharge  as  do  the  roller  contact  forms  of  -timers,  and  there 
is  a  greater  period  of  time  between  the  battery  discharges  to  permit 
the  cells  to  recuperate,  which  is  an  important  factor  when  primary 
current  generators  of  the  dry  cell  type  are  employed.  This  system 
is  not  as  extensively  used  at  the  present  time  as  it  has  been  in  the 
past  owing  to  rapid  strides  made  by  the  magneto  in  popular  favor. 


Fig.  110. — Two-Point  Ignition  S^tem  for  One-Cylinder  Engine. 

Q,     What  is  two-point  ignition? 

A.  Two-point  ignition  systems  are  those  in  which  two  sparks 
are  made  to  occur  simultaneously  at  separate  points  in  the  combus- 
tion chamber.  A  typical  two-point  ignition  system  intended  for 
a  one  cylinder  engine  is  clearly  outlined  at  Fig  110.  As  will  be 
seen  one  spark  plug  is  carried  over  each  valve  of  a  T  head  engine 
cylinder.     The  coil  used  has  two  secondary  terminals  instead  of 
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having  one  of  the  secondary  leads  grounded  as  is  common  practice. 
One  secondary  terminal  goes  to  the  insulated  terminal  of  one  spark 
plug  while  the  other  is  joined  in  a  similar  manner  to  theother  member. 
The  primary  -winding  is  just  the  same  as  employed  for  the  usual 
form  of  induction  coil.  Every  time  the  contact  is  established  at 
the  timer  and  the  spark  coil  brought  into  action  the  secondary  cur- 
rent is  forced  to  leap  two  gaps  instead  of  one  and  a  spark  is  produced 
at  each  plug  at  practically  the  same  instant. 

Q,     What  are  the  advantages  of  this  method? 

A.  On  engines  of  the 
T  head  form  which  have 
large  combustion  cham- 
bers it  is  claimed  that 
the  two  point  ignition 
^stem  will  result  in 
more  energetic  ignition 
because  combustion  is 
more  rapid'  due  to  the 
compressed  charge  hav- 
ing been  fired  at  two 
different  points.  The 
advantt^es  of  this  sys- 
tem are  not  apparent  at 
low  or  moderate  engine 
speedsbutat  high  speeds  Fig,  111.— Double 
it  is  claimed  that  a  20%  "*''^'"*  ''^^  Two-P°int  Ig"'*'*' 

increase  of  power  is  obtained  over  the  single  spark  ignition  system. 

Q.     What  special  apparatus  is  needed  for  two  point  ignition? 

A.  Either  the  spark  coil  or  the  spark  plugs  must  differ  from  con- 
ventional construction  in  order  to  obtain  two  point  ignition.  If 
spark  plugs  of  the  conventional  type  are  used  as  shown  at  Fig.  110 
the  induction  coil  must  have  two  secondary  terminals  for  each  unit 
and  the  secondary  current  cannot  be  grounded,  as  is  the  conven- 
tional practice.  If  the  regular  form  of  spark  coil  is  used  having  a 
grounded  secondary  terminal  it  is  necessary  to  employ  a  special 
form  of  spark  plug  in  connection  with  one  of  a  regular  pattern  in 
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each  cylinder.  A  special  two-point  plug  having  two  insulated  elec- 
trodes passing  through  the  insulating  member  must  be  used  instead 
of  the  conventional  pattern  and  this  is  introduced  in  the  secondary 
circuit  so  that  it  is  in  series  with  the  spark  plug  of  the  regular  pat- 
tern used  in  conjunction  with  it.  The  spark  must  jump  the  gap  at 
the  two  point  plug  before  it  can  reach  the  gap  between  the  elec- 
trodes of  the  regular  pattern  plug. 

Q.  Can  two  point  ^- 
nition  be  obtamed  when 
magnetos  are  used  P 

A.  A  special  form  of 
magneto  is  necessary 
t  o  obtain  two  -  point 
ignition  and  use  mag- 
neto current.  A  device 
ofthis  kind  is  illustrated 
at  Fig.  Ill  and  it  dif- 
fers from  the  conven- 
tional construction,  in- 
asmuch as  it  has  two 
secondary  distributors 
and  practically  two  sep- 
arate windings  on  the 
magneto  armature  if 
it  is  a  true  high  ten- 
sion type.  If  used  in 
connection  with  a  trans- 
former coil  system  a 
four  terminal  coil  will  be  needed  instead  of  the  usual  form  and  each 
of  the  secondary  leads  connected  to  its  respective  distributor.  One 
contact  breaker  serves  both  distributors  on  either  the  true  high 
tension  or  transformer  coil  forms. 

Q.     How  can  current  flow  to  plugs  be  tested  with  magneto 
system? 

A.     The  current  deUvery  to  the  ignition  plugs  can  be  easily  aa- 
cert^ed  when  a  magneto  is  used  by  an  insulated  terminal  such  as 


Fig.  112. — Showing  Utility  of  Insulated  Ter- 
minal to  Test  Current  Flow  to  Spark 
Plugs. 
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outlined  at  Fig.  112.  When  it  is  suspected  that  a  plug  is  not  firing 
it  is  possible  to  remove  the  terminal  from  the  plug  without  danger 
of  electrical  shock  and  then  by  holding  the  terminal  away  from  the 
plug  electrode  an  eighth  of  an  inch  it  is  possible  to  see  the  current 
jump  the  air  gap  and  thus  determine  if  the  electricity  reaches  the 
spark  plug.  If  a  spark  jumps  between  the  terminals  and  the  plugs 
and  the  cylinder  does  not  fire  it  s  reasonable  to  assume  that  the 
plug  is  dirty  and  that  the  trouble  is  not  with  the  magneto.  If  no 
spark  jumps  between  the  terminal  and  the  plug  it  indicates  either 
a  broken  or  grounded  wire  or  a  defective  contact  at  the  distributor. 


LESSON  TWELVE 

METHODS  OF  LUBRICATING  THE  AUTOMOBILE 

POWER  PLANT 

Q.     What  is  lubrication? 

A.  Lubrication  consists  of  interposing  between  two  surfaces 
that  have  relatively  great  friction,  a  cushioning  and  almost  friction- 
less  medium  that  will  separate  these  surfaces  and  enable  the  parts 
to  move  with  expenditure  of  less  power. 

Q.     Why  is  lubrication  necessary? 

A.  If  the  moving  parts  of  machines  which  work  on  or  by  each 
other  and  which  are  in  frictional  contact  were  not  separated  by  a 
film  of  lubricating  oil  or  grease  the  metallic  contact  would  result 
in  abrading  the  surfaces  and  producing  rapid  depreciation.  In 
some  parts  enough  friction  might  exist  to  cause  the  pieces  in  con- 
tact to  become  so  hot  that  they  would  seize  together.  This  would 
be  very  liable  to  occur  in  high  speed  bearings  or  in  bearings  sub- 
jected to  heavy  pressure. 

Q.     What  is  friction? 

A.  Friction  is  the  retarding  force  that  tends  to  prevent  move- 
ment of  all  mechanism  which  is  in  motion.  The  friction  may  re- 
sult from  internal  or  external  forces  and  it  is  exerted  in  such  a  way 
as  to  bring  all  moving  parts  to  rest.  Friction  is  generally  caused 
by  the  interlocking  of  minute  "projecting  particles  which  extend 
from  the  surfaces  of  all  substances  regardless  of  their  nature  or  the 
accuracy  of  surface  finish.  Friction  is  greater  between  soft  mater- 
ials than  it  is  between  hard  substances  and  the  rougher  the  sur- 
faces in  contact  the  greater  will  be  the  amount  of  friction  between 
them.  It  requires  power  to  overcome  friction  in  all  cases  and  the 
greater  the  amount  of  friction  present  the  more  power  is  needed 
to  overcome  it. 

210 


Methx)ds  of  Lubrication  211 

Q.     Should  friction  be  eliminated  in  all  parts  of  automobiles? 

A.  Some  parts  of  motor  cars  perform  work  where  friction  is 
necessary  to  enable  them  to  fmiction  properly  while  other  parts 
will  work  more  efl&ciently  as  the  amount  of  friction  is  reduced.  For 
instance,  it  is  necessary  to  have  friction  between  the  parts  of  the 
-clutch  used  to  transmit  power  from  the  engine  to  the  gearset  and  it 
is  necessary  to  have  friction  between  the  brakes  and  the  brake 
drums  when  these  members  are  applied  to  stop  motion  of  the  car. 
If  there  was  no  friction  between  the  tires  of  the  driving  wheels  or 
traction  members  and  the  ground  it  would  be  impossible  for  the 
power  plant  to  propel  the  car.  At  the  other  hand  if  there  was  too 
much  friction  at  the  bearing  points  of  the  motor,  gearset,  power 
transmission  parts  and  wheels,  it  would  be  practically  impossible 
to  propel  the  car  without  using  large  quantities  of  power.  It  is 
important  that  friction  be  eliminated  or  reduced  to  as  low  a  point 
as  possible  at  all  bearing  points  in  order  to  obtain  efficient  power 
generation  and  transmission.  The  more  friction  there  is  in  clutches 
and  brakes   he  more  efficient  these  members  are. 

Q.     Name  the  principal  lubricants  and  their  derivation. 

A.  The  principal  lubricating  mediums  commonly  used  to  sep- 
arate the  parts  of  machinery  in  motion  are  fluid  oils  and  semi- 
fluid and  solid  greases  derived  from  mineral  and  animal  sources. 
Solids,  such  as  graphite,  which  is  a  form  of  amorphous  carbon,  are 
also  used  for  lubricating  purposes.- 

Q.     Are  all  lubricants  suitable  for  the  same  parts? 

A.  The  lubricating  mediums  best  adapted  dififer  with  the  nature 
•of  the  work  the  parts  are  to  perform.  An  oil  that  is  suitable  for 
one  portion  of  the  automobile  mechanism  may  prove  actually  in- 
jurious to  other  parts. 

Q.     Name  the  conditions  where  oil  can  be  used? 

A.  Qils  are  the  only  lubricants  that  can  be  successfully  em- 
ployed in  lubricating  automobile  power  plants.  '  Oil  is  necessary 
wherever  the  amount  of  space  for  the  film  of  lubricant  is  small  or 
where  considerable  heat  is  present. 

Q.     Name  conditions  where  only  greases  can  be  utilized. 

A.     In  certain  parts  of  the  power  transmission  system  such  as  in 
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the  differential  gears  and  driving  gearing  at  the  rear  axle  it  is  impera- 
tive that  only  semi-fluid  greases  be  used,  because  the  rear  construc- 
tion as  ordinarily  built  is  not  oil-tight  and  would  not  retain  fluid  lub- 
ricants. The  more  viscous  or  heavy  bodied  greases  are  also  necessary 
in  sliding  gear  transmissions  and  gear  driving  systems,  because  oil 
would  not  have  sufl&cient  cushioning  properties  and  would  soon 
be  forced  from  between  the  working  surfaces  of  the  gear  teeth. 
Greases  reduce  noise  and  wear  where  pressures  are  heavy,  while 
oils  are  better  adapted  on  rapidly  moving,  close  fitting  parts. 

Q.     What  are  the  best  lubricants  for  automobile  use  and  why? 

A.  Automobile  lubricants  should  be  derived  from  a  crude 
petroleum  base  because  oils  of  this  nature  are  inorganic  and  are 
not  apt  to  decompose  by  exposure  to  the  air  or  by  heat  as  are  the 
organic  lubricants  derived  from  animal  fats  or  vegetable  sources. 

Q.  What  is  the  most  difficult  part  of  the  automobile  to  oil 
properly? 

A.  The  cylinders  of  the  automobile  power  plant  are  the  most 
difl&cult  portions  to  lubricate  satisfactorily  on  account  of  the  heat 
generated  and  great  care  is  necessary  in  selecting  oils  for  this  pur- 
pose. 

Q.     What  kind  of  lubricant  should  be  used  in  the  cylinder? 

A.  Gas  engine  cylinder  oil  should  have  sufl&cient  body  to  main- 
tain a  positive  film  between  the  piston  and  cylinder  walls  and  yet 
should  not  be  so  heavy  that  it  will  gum  up  the  piston  rings.  It 
should  have  a  high  fire  test  which  means  that  it  should  not  decom- 
pose readily  by  heat  and  it  should  have  a  good  cold  test  in  order 
that  it  will  not  thicken  too  much  at  low  temperatures.  Its  viscos- 
ity should  be  such  that  it  will  flow  readily  through  pipes  and  so  it 
can  be  pumped  without  diflSculty  by  the  various  forms  of  gear  and 
plunger  pumps  used  to  circulate  oil.  It  should  be  free  from  acid 
and  shoiild  be  a  pure  mineral  oil  without  adulterants  or  animal  or 
vegetable  fillers.  It  should  be  thoroughly  filtered  to  remove  the 
free  carbon  and  other  impurities  which  would  be  deposited  in  the 
combustion  chamber  when  the  oil  is  vaporized  by  the  intense  heat 
of  the  explosion. 
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Q.     How  can  a  lubricant  be  tested  for  acid? 

A,  A  simple  test  for  acid  in  oil  can  be  made  by  dissolving  a  small 
quantity  of  the  lubricant  in  alcohol  which  may  be  slightly  warmed 
by  immersing  the  test  tube  or  flask  in  which  the  alcohol  is  contained 
in  warm  water.  This  will  facilitate  dissolving  the  lubricant,  espec- 
ially if  heavy  greases  are  tested.  When  the  oil  has  been  dissolved 
the  solution  may  be  tested  with  litmus  paper  which  may  be  pro- 
cured at  any  drug  store.  A  piece  of  blue  litmus  paper  will  turn  red 
when  placed  in  the  solution  if  any  acid  is  present. 

Another  test  which  requires  more  time  but  which  gives  positive 
results  can  be  made  by  soaking  several  strands  of  candle  wicking 
or  waste  in  the  suspected  lubricant  and  then  wrapping  these  around 
a  brightly  polished  steel  shaft,  placing  this  in  the  direct  sunlight  but 
not  exposed  to  the  elements.  If  pronounced  etching  or  rusty  spots 
are  present  under  the  strands  of  oil  soaked  material  on  the  steel 
after  the  shaft  has  been  exposed  a  few  days  it  may  be  inferred  that 
the  oil  contains  acid  and  is  not  suitable  for  use  on  machines. 

Q.    What  is  the  effect  of  acid  in  oil? 

A.  The  presence  of  acid  in  oil  is  not  desired  because  this  will 
produce  rusting  or  etching  of  the  brightly  finished  bearing  surfaces 
and  will  roughen  them  so  they  have  considerable  friction.  Oils 
that  contain  acid  are  much  quicker  to  act  injuriously  when  used  in 
the  cylinder  because  they  are  rapidly  decomposed  by. the  heat 
present  at  that  point.  Obviously,  rusty,  roughened  surfaces  will 
have  more  friction  than  smooth,  bright,  well-polished  ones. 

Q.    What  is  viscosity  and  how  is  it  determined? 

A.  Viscosity  is  a  term  used  in  speaking  of  the  body  of  oils  and 
is  measured  by  allowing  a  given  quantity  of  the  oil  to  be  tested  to 
escape  from  a  container,  a  drop  at  a  time.  When  two  oils  are  com- 
pared for  viscosity  the  one  that  flows  from  the  container  quickest 
is  the  most  fluid,  and  therefore  has  less  viscosity  than  one  of  heavier 
body  which  cannot  flow  as  fast.  In  some  parts  of  automobiles  it 
is  necessary  that  oils  have  considerable  body,  these  points  being 
where  shock  and  heavy  pressures  exist,  as  in  gear  boxes  and  axles. 
Tight  fitting  bearings  that  should  be  free  running  usually  require 
thinner  oils  on  account  of  the  small  space  existing  between  the 
journals  and  the  brasses. 
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Q.    What  is  flash  test  and  how  is  it  made? 

A.  The  flaah  test  is  an  indication  of  the  amount  of  heating  an 
oil  will  stand  before  the  vapors  given  off  will  flash  or  catch  fire. 
The  method  of  performing  the  simple  test  is  outlined  at  Fig.  113. 
A  quantity  of  the  oil  to  be  tested  is  placed  in  a  porcelain  casserole 
which  is  heated  by  a  Bunsen  biurner  placed  under  the  oil  container 
which  is  carried  on  a  tripod-  A  thermometer  is  placed  in  the  oit 
to  indicate  the  rise  in  temperature  and  when  the  vapors  rising  from 
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the  surface  can  be  flashed  by  a  lighted  wax  taper  the  reading  on  the 
thermometer  will  indicate  the  flash  point.  In  this  coimection  it 
will  be  well  to  state  that  the  thermometer  is  a  special  form  which 
will  indicate  temperatures  up  to  650  degrees  F.  The  bulb  should 
be  supported  so  that  it  will  be  kept  from  contact  with  the  sides  or 
bottom  of  the  dish  which  are  somewhat  hotter  than  the  oil  and  which 
would  give  a  false  reading.  The  flashpoint  is  made  chiefly  in  con- 
nection with  tests  of  cylinder  oils,  and  it  is  desirable  that  these  have 
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as  high  a  flashpoint  as  possible  so  that  they  will  not  be  vaporized 
from  the  cylinder  walls  as  soon  as  they  come  in  contact  with  the  hot 
products  of  combustion. 

Q.     How  is  the  fire  test  made? 

A.  The  fire  test  of  the  oil  is  really  a  continuation  of  the  flash 
test  and  is  shown  at  Fig.  114.  The  fire  test  is  the  point  indicated 
by  the  thermometer  where  the  oil  becomes  sufficiently  heated  so 
not  only  the  vapors  flash  momentarily  but  the  entire  mass  of  oil 
takes  fire. 
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Pig.  114. — Simple  Method  of  Making  Fire  Test  of  Lubricating  Oil. 

Q.    What  is  the  cold  test  and  what  does  it  indicate? 

A.  The  cold  test  is  made  as  indicated  at  Fig.  115  and  is  useful 
in  showing  the  point  at  which  oil  will  coagulate  or  become  so  stiff 
that  it  will  not  flow.  This  is  easily  performed  by  putting  a  flask 
of  lubricant  in  a  freezing  mixture  of  ice  and  salt  and  inserting  a 
thermometer  to  indicate  the  point  at  which  the  oil  becomes  solid- 
ified. An  ordinary  form  of  temperature  indicating  thermometer 
may  be  used  in  making  this  test.    A  suitable  oil  for  winter  use  should 
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not  stiffen  enough  at  zero  temperature  to  prevent  its  reaching  the 
bearing  points. 

Q.  Name  simple  ways  to  determine  presence  of  adulterants. 
A,  The  presence  of  animal  fats  in  greases  can  be  quickly  deter- 
mined by  exposing  a  quantity  of  the  suspected  grease  to  the  air. 
If  the  grease  turns  ran- 
cid and  has  a  foul  smell 
this  may  be  considered 
s  good  indication  that 
organic  adulterants  are 
present.  The  presence 
of  fats  in  oils  may  be 
determined  by  the  sap- 
onification test  which 
consists  of  heating  a 
quantity  of  lubricant 
under  suspicion  with 
potash  and  stirring 
brbkly  till  the  alkali  is 
well  absorbed  by  the  oil. 
If  the  surface  of  the  oil 
is  covered  with  soapy 
matter  aft^r  cooling  it 
indicates  the  presence  of 
animal  fats  in  quantities 
proportionate  to'  the 
amount  of  soap.  In  any 
/r€L&z/n.i/V/x.fure  mxii&A  oil  in  which  min- 


Fig.  US.— How  Lubricating  Oils  May  be  ^ral  and  animal  lubri- 
Tested  to  Determine  Temperature  at  cants  are  combined, 
Which  Oil  will  Sol,dl£,.  j^^^^  i3    considerable 

fat  which  will  decompose  liberating  fatty  acid  if  used  in  the  cylin- 
der and  there  is  also  the  danger  of  charring  the  fat  and  augmenting 
the  proportion  of  carbon  deposits  in  the  combustion  chamber. 

Q.     Wtiat  are  specifications  of  a  suitable  cylinder  oil? 

A.     The  oils  used  for  cylinder  lubrication  should  preferably  be 
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distilled  in  a  vacuum  in  order  that  the  light  distillates,  such  as  the 
fuel  oils,  will  be  separated  from  the  crude  petroleum  base  obtained 
from  Pennsylvania  wells  at  low  temperatures  and  then  filtering  the 
oil  through  charcoal  to  remove  free  carbon  and  other  impurities 
it  contains.  The  greater  the  number  of  times  the  oil  is  filtered  the 
lighter  tt  becomes  in  color  and  body.  The  best  cylinder  oils  are 
obtained  in  three  grades:  light,  which  has  a  consistency  slightly 
greater  than  machine  oil;  medium,  which  is  somewhat  heavier  than 
the  light  and  is  an  intermediate  grade  between  that  and  the  heavy 
bodied  oil  which  has  the  consistency  of  warm  molasses.  The  light 
and  medium  oils  are  used  on  power  plants  having  closely  fitting  pis- 
tons &nd  bearings,  while  the  heavy  lubricants  are  used  in  air  cooled 
engines  and  in  power  plants  that  have  become  worn  to  such  an  ex- 
tent that  the  cushioning  properties  of  the  heavier  bodied  oils  are 
desirable.  Any  pure  hydro-carbon  oil,  having  a  high  degree  of 
viscosity  at  100  degrees  F.,  having  a  vaporizing  point  of  about 
200  degrees  F.,  a  flash  point  between  425  and  500  degrees  F.,  and  a 
fire  test  of  600  degrees  F.  or  over,  will  be  suitable  for  use  in  gas 
engine  cylinders. 

Q.     How  are  the  various  portions  of  an  automobile  lubricated? 

A.  The  power  plant  of  an  automobile  is  usually  lubricated  by 
some  means  that  will  insure  a  continued  supply  of  lubricant  to  the 
interior  parts  of  the  engine  and  that  will  supply  the  oil  in  quantities 
that  will  compensate  for  any  loss  through  vaporizing  or  burning 
in  the  combustion  chamber  or  leakage.  The  change  speed  gear- 
set,  diflferential  gearing,  imiversal  joints  and  axle  bearings  are  gen- 
erally packed  with  a  semi-fluid  grease  that  remains  in  place  and  that 
does  not  need  renewing  frequently.  Spring  shackles,  brake  rod 
ends,  and  similar  parts  are  greased  by  compression  grease  cups, 
which  may  be  screwed  up  from  time  to  time  to  inject  more  lubri- 
cant between  the  bearing  surfaces  or  by  means  of  small  oil  cups 
which  demand  periodical  attention  and  filling  from  the  usual  form 
of  hand  oil  can  or  syringe. 

Q.     Describe  simplest  method  of  oiling  gas  engine  parts. 

A.  The  interior  of  gasoline  engines  of  the  closed  base  form  may  be 
oiled  by  putting  in  a  certain  quantity  of  lubricant  in  the  engine  base 
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until  it  rises  to  such  a  height  that  it  will  be  splashed  around  the  in- 
side of  the  motor  by  the  revolving  connecting  rod  lower  end  or  by 
counter  weights  or  enclosed  flywheel.  On  open  base  engines  (never 
used  in  automobiles)  the  main  bearings  are  lubricated  by  compression 
grease  cups  in  many  cases  and  the  connecting  rod  by  oil  from  a 
small  sight  feed  oil  cup  directly  attached  to  the  crank  pin  bearing. 
A  similar  member  of  larger  capacity  serves  to  oil  the  piston  and  cylin- 
der walls.  The  open  base  form  of  motor  is  never  used  in  automobile 
practice  though  it  has  received  wide  application  in  the  stationary 
power  plants  and  is  used  to  some  extent  in  marine  service. 

Q.    What  is  a  sight  feed  lubricator? 

A.  The  gravity  sight  feed  lubricator  is  seldom  used  at  the  pres- 
ent time  in  automobiles.  The  first  sight  feed  devices  included  a 
container , for  the  lubricant  having  glass  walls,  so  the  amount  of 
oil  it  held  could  be  readily  ascertained  at  any  time,  communicating 
with  a  lower  chamber,  also  having  glass  walls,  by  means  of  a  needle 
valve  controlled  orifice.  The  valve  could  be  adjusted  to  feed  any 
desired  number  of  drops  of  oil  per  minute  and  the  flow  of  oil  could 
be  stopped  at  will  without  changing  the  adjustment  of  the  needle 
valve  by  shifting  a  small  lever  that  allowed  the  valve  to  drop  under 
slight  spring  pressure  until  it  closed  the  passageway  commimicat- 
ing  to  the  small  sight  feed  chamber  beneath  the  main  container 
which  was  piped  to  the  point  needing  the  lubricant.  As  a  general 
rule  gravity  oil  cups  are  applied  directly  to  the  parts  needing  oil 
and  are  generally  used  on  cheaper  marine  and  stationary  engines. 

Q.     What  is  a  compression  or  pressure  feed  lubricator? 

A.  A  typical  pressure  feed  lubricator  is  outlined  at  Fig.  116. 
This  consists  of  a  small  tank  holding  one  or  two  quarts  of  oil,  which 
is  attached  to  the  motor  at  any  convenient  point  and  which  is  de- 
signed so  the  oil  it  contains  may  be  put  under  pressure  and  forced 
through  a  pipe  to  a  sight  feed  manifold  fitting  from  which  the  in- 
dividual oil  leads  go  to  the  points  needing  oil.  The  pressure  is  usu- 
ally obtained  from  the  exhaust  or  by  a  pipe  leading  to  the  crank 
case  interior.  A  small  check  valve  fitting  is  carried  at  the  end  of 
the  pressure  pipe  on  the  oil  container  in  such  a  way  that  the  air  or 
gas  under  pressure  will  raise  the  check  valve  from  its  seat  and  flow 
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into  the  oil  container.  Aa  the  check  valve  seats  when  the  pressure 
of  gas  in  the  tank  is  sufficiently  high  the  confined  gases  cannot  es- 
cape and  must  force  the  oil  out  of  the  tank.  The  oil  flows  to  the 
top  of  the  sight  feed  arrangement  where  the  amount  dropping  can 
be  regulated  at  will  and  as  the  manifold  is  always  carried  higher 
than  the  bearing  point  the  oil  flows  principally  by  gravity  assisted 
to  some  extent  by  a  slight  pressure  escaping  from  the  oil  container. 
As  a  lubricator  of  this  nature  will  supply  lubricant  as  long  as  there 
is  pressure  in  the  tank  and  as  no  oil  is  needed  after  the  engine 


by  Crank  Case  c 

stops  it  is  desirable  to  fit  the  container  with  a  small  petcock  or 
relief  valve  which  can  be  opened  when  the  engine  is  stopped  to  re- 
lieve the  pressure  on  top  of  the  oil  and  thus  interrupt  the  supply  to 
the  bearings. 

Q.  Name  principal  methods  of  mechanical  oiling  and  state 
their  advantages. 

A.  There  are  two  m^n  methods  of  oiling  a  power  plant  by  mech- 
anical means,  the  most  common  one  involving  a  single  pump  which 
keeps  the  oil  in  circulation  from  the  oil  sump  or  container  integral 
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Tvith  the  crank  case  to  the  crank  compartments,  where  it  is  picked 
up  by  the  connecting  rods  and  splashed  around.  The  other  is  by 
individual  lead  sight  feed  oiler  in  which  each  separate  bearing  is 
supplied  by  its  own  pump  plunger  through  an  oil  tube,  A  defect 
of  the  sight  feed  gravity  oiling  method  is  that  the  flow  of  oil  might 
be  stopped  by  any  small  particle  of  foreign  matter  in  the  oil  tube 
or  even  by  thickening  of  the  oil  due  to  lowering  temperature  so  the 
bearing  points  would  be  deprived  of  lubricant. 

Much  trouble  resulted  from  this  source  and  positive  systems  by 
which  oil  must  be  delivered  to  the  bearing  points  as  long  as  the  power 
plant  is  kept  in  operation  were  evolved.    With  a  powerful  pump 


Fig.  117.— Outlining    Action    of    Constant    Level    Splash    System    of 
Hajrnes  Car. 

forcing  the  lubricant  through  the  oil  supply  tubes  it  is  diflicuit  for 
any  accumulation  of  lint  or  small  piece  of  wax  carried  by  the  oil 
itself  to  constrict  the  bore  of  the  tube  and  retard  the  Cow  of  lubri- 
cant. The  pumps  have  sufficient  pressure  so  the  oil,  which  is  an 
incompressible  liquid,  will  be  forced  to  the  bearing  points  and  clear 
the  tube  or  passage  of  obstructions  tending  to  impede  its  flow.  The 
individual  lead  form  of  oiler  or  mechanical  oiler  having  a  large 
number  of  individual  pumps  is  seldom  used  at  the  present  time  as 
practically  all  automobile  engineers  favor  the  simpler  and  more 
positive  self-contained  systems. 
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Q.  Describe  action  of  constant  level  splash  system, 
A.  The  arrangement  of  the  crankcase  interior,  when  used  in 
connection  with  a  constant  level  splash  system,  is  clearly  outlined 
at  Fig.  117,  As  will  be  evident  the  crankcase  is  divided  into  two 
parts,  the  lower  portion  or  sump  being  separated  from  the  upper 
part  itt  which  the  crankshaft  revolves  by  a  cast  partition  wall  of 
corrugated  form  which  practically  divides  the  interior  into  four 
compartments,  one  for  each  connecting  rod.  A  small  standpipe 
extends  from  each  compartment  to  a  sulEcient  height  so  any  accu- 
mulations of  oil  that  would  tend  to  raise  the  level  of  lubricant  above 
the  predetermined  point  will  overflow  and  pass  back  from  the  crank 


Fig.  118. Methods  of  Supplying  Oil  to  Bearings.      A— Oil  Pocket 

Above  Main  Bearings  Which  Collects  Lubricant.  B — Showing 
Scoops  at  Bottom  of  Connecting  Rod  to  Pick  Up  Lubricant  From 
Troughs  in  Crenkcase. 

compartments  to  the  sump  beneath  them.  The  main  bearings  are 
oiled  as  shown  at  Fig.  118-A.  The  oil  accumulates  in  the  oil  troughs 
shown  at  Fig.  1 18-B  and  is  picked  up  by  scoops  attached  to  the  lower 
connecting  rod  bearing  cap  and  splashed  around  the  interior  of  the 
crankcase.  The  spray  or  oil  mist  collects  on  all  working  parts  and 
a  portion  of  the  oil  will  be  caught  by  oil  pockets  such  as  shown  at 
A  and  diverted  to  the  bearing,  while  some  of  the  lubricant  will 
be  splashed  on  the  cylinder  walls  where  it  will  be  spread  out  and 
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picked  up  by  the  rapidly  reciprocating  piston  and  reduce  friction 
between  the  piston  and  piston  rings  and  cylinder  wall. 

The  diagram  at  Fig.  119  outlines  clearly  all  parts  of  a  simple 
constant  level  splash  system  having  a  sight  feed  on  the  dash.  The 
direction  of  oil  flow  can  be  easily  de- 
termined by  the  arrows.  The  lubricant 
is  drawn  from  the  sump  or  container 
at  the  bottom  of  the  crank  case 
through  a  screen  attached  to  the  intake 
pipe  of  a  gear  driven  oil  pump.  The 
pump  discharge  goes  to  the  sight  feed 
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Fig.  119. — Overland  Constant  Level  Splash  Lubrication  Systemu 

on  the  dash  and  a  pipe  from  the  lower  portion  of  this  indicator 
returns  the  lubricant  to  spreader  members  whiich  divert  the  liquid 
into  the  oil  troughs  under  the  connecting  rods.  With  this  method 
of  lubrication  the  oil  is  kept  in  constant  circulation  and  as  the  level 
is  always  maintained  at  the  proper  height  in  the  oil  troughs,  there 
is  no  possibility  of  the  engine  becoming  under  or  over  lubricated 
and  a  constant  supply  of  oil  is  insured  under  all  operating  conditions. 

Q.     Can  oil  be  circulated  without  pumps? 

A.     It  is  not  always  neceseary  to  supply  a  gear  driven  pump  to 
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circulate  the  oil  around  a  power  plant  interior,  as  in  some  the  de- 
sign is  such  that  the  flywheel  itself  serves  as  an  oil  distributing  mem- 
ber. A  typical  system  of  this  nature  is  shown  at  Fig.  120.  The 
power  plant  crankcase  is  inclined  toward  the  rear  end  so  that  a 
pocket  is  formed  in  which  the  oil  can  collect  to  a  certain  height 
that  will  insure  its  being  picked  up  by  the  periphery  of  tie  rapidly 
moving  flywheel  rim.  The  oil  thrown  from  the  flywheel  is  collected 
by  a  main  oil  pipe  to  an  oil  feed  regulator  controlled  by  the  ac- 
celerator or  throttle  lever.  From  this  point  a  portion  of  the  oil  is 
diverted  to  an  oil  duct  which  joins  the  four  cylinders,  while  the 


remainder  flows  into  the  main  oil  duct  cored  out  in  the  crankcase 
to  the  three  main  bearings.  Oil  passages  are  drilled  from  the  main 
bearings  to  the  crank  tlirows  and  these  are  thoroughly  filled  with 
oil  which  after  lubricating  the  connecting  rod  caps  is  thrown  about 
the  interior  of  the  engine  by  centrifugal  force  and  insures  that  all 
interior  parts  not  supplied  directly  by  the  oil  ducts  will  receive 
lubricant.    Oil  thrown  by  the  flywheel  is  also  diverted  to  the  trans- 
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mission  gears  and  universal  joint,  from  which  it  is  returned  by  a  pipe 
joining  the  universal  joint  casing  with  the  flywheel  pocket  at  the 
rear  of  the  crankcase. 

Q.     What  types  of  pumps  are  used  to  circulate  oil? 

A.  Two  forms  of  pumps  are  used  to  circulate  oil,  the  gear  form 
which  is  shown  at  Figs.  119  and  121  and  the  plunger  pump  clearly 
outlined  at  Fig.  122.  The  gear  pump  consists  of  a  pair  of  spur 
gears,  having  large  teeth,  meshing  together  in  a  closely  fitted  metal 
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Fig.  121. — Method  of  Lubrication  by  Supplying  Oil  to  Main  Bearings 

by  Pressure  Supplied  by  Gear  Pump. 

case.  One  of  the  gears  serves  as  the  driving  member  and  is  turned 
by  any  suitable  mechanical  connection  with  the  engine  crankshaft 
or  camshaft.  The  plunger  pump  is  usually  cam  operated,  as  indi- 
cated at  Fig.  122,  because  it  works  with  a  reciprocating  motion 
Instead  of  a  rotary  movement.  Both  forms  outlined  are  positive 
though  the  plunger  form  is  capable  of  exerting  more  pressure  on  the 
oil  than  either  the  spur  gear  or  eccentric  forms  also  widely  used. 

Q.     Why  should  oil  supplied  to  engines  be  carefully  regu- 
lated ? 

A.     It  is  imperative  to  insure  efficient  engine  action  that  the  oil 
supplied  in  measured  quantities  that  will  be  just  right  for  the 
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conditions  under  which  the  power  plant  is  operated.  If  the  lubri- 
cating oil  is  introduced  in  excessive  quantities  a  considerable  por- 
tion will  be  forced  into  the  combustion  chamber,  where  it  will  be 
burned  by  the  excessive  heat  present  at  that  point  and  produce 
carbon  deposit  in  the  interior  of  the  cylinder  head.  When  an  en- 
gine is  supplied  with  too  much  oil  the  surplus  will  escape  at  all  pos- 


Pig.  122. — Sectional  View  of  Commercial  Car  Crank  Case  Showing  Oil 

Supply  by  Plunger  Pump. 

sible  bearing  points  and  the  wasted  lubricant  performs  no  useful 
service.  If  the  oil  is  not  supplied  in  suflSciently  large  quantities 
the  bearings  will  heat  because  of  the  friction  between  their  parts 
and  some  of  the  engine  power  will  be  lost.  If  the  oil  supply  is  in- 
terrupted through  accidents,  the  part  may  heat  up  sufficiently  so 
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that  the  bearings  will  be  burnt,  cylinder  and  piston  walls  scored 
and  other  damage  done. 

Q.     How  can  oil  supply  be  regulated? 

A.  One  of  the  advantages  of  the  constant  level  splash  system 
of  lubrication  is  that  the  amount  of  oil  required  is  determined  by 
experiment  at  the  factory  and  the  motorist  does  not  have  to  reg- 
ulate the  oil  feed  to  any  extent.  The  operator's  responsibility 
ceases  when  the  oil  container  has  been  filled  with  a  suflScient  quan- 
tity of  good  engine  oil.  On  some  of  the  individual  pump  mechan-* 
ical  oilers  the  stroke  of  the  pumps  may  be  varied  to  alter  the  oil 
feed.  Sight  feed  lubricators  are  often  provided  with  needle  valves 
to  regulate  the  amount  of  oil  passing  through  the  orifice  they 
control  in  a  given  unit  of  time. 

Q.     Describe  some  typical  lubrication  systems  used  on  high 
grade  cars. 

A.  The  oiling  system  of  the  Packard  six  cyl'nder  motor  i^ 
clearly  outlined  at  Fig.  124.  In  this  the  oil  is  carried  in  a  sump 
formed  integral  with  the  crankcase  and  is  taken  from  that  point 
by  a  pump  and  delivered  to  a  manifold  pipe  extending  along  the 
side  of  the  motor  crankcase.  This  manifold  communicates  with 
the  main  bearings,  as  well  as  to  the  timing  gear  assembly  at  the 
front  end  of  the  motor.  The  crankshaft  is  provided  wjth  drilled 
passages  so  the  oil  supplied  by  the  oil  manifold  lubricates  the  con- 
necting rod  big  ends  after  it  passes  from  the  main  bearings.  The 
cylinder  interiors,  pistons,  valve  plunger  guides^  and  other  parts 
are  thoroughly  oiled  by  the  oil  spray  always  present  in  the  crank 
case.  A  manometer  or  pressure  gauge  is  carried  on  the  dash  board 
and  is  ^attached  to  the  end  of  the  motor  oil  manifold.  This  indi- 
cates  at  all  times  if  oil  is  being  delivered  to  the  bearing  points. 
If  the  pressure  of  oil  becomes  too  great  in  the  manifold  as  sometimes 
occurs  at  high  engine  speeds,  a  relief  valve  is  provided  which  per- 
mits the  excess  lubricant  supplied  by  the  pump  to  bypass  back  in- 
to the  crankcase  interior. 

The  system  of  lubrication  employed  on  Packard  trucks  is  shown 
at  Fig.  123.  In  this  the  oil  is  drawn  from  a  tank  by  an  oil  pump 
and  forced  through  the  sight  feed  on  the  dash,  back  to  the  crank- 
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case  interior,  where  it  collects  ia  the  front  and  rear  crankcase  com- 
partmentB  to  a  level  indicated  by  the  petcock  screwed  into  the  sides 
o:'  the  crankcase.  The  interior  of  the  engine  ia  thoroughly  lubri- 
cated by  the  splash  system. 

In  the  Pierce  Arrow  cars  practically  the  same  arrangement  as 
used  in  the  Packard  six  cylinder  and  several  other  leading  cars  is 
used.  This  system  ia  depicted  at  Fig.  125  and  involves  the  use  of 
a  gear  driven  oil  circulating  pump  having  its  suction  side  connected 
to  the  sump  at  the  bottom  of  the  crankcase  and  its  delivery  pipe 
to  a  manifold  which  goes  to  the  m^n  bearings  of  the  drilled  out 


crankshaft.  A  feature  of  this  system  is  the  use  of  an  oil  strainer 
or  filter  screen  on  both  suction  and  delivery  sides  of  the  pump. 
Both  of  these  screens  may  be  readily  removed  for  cleaning  purposes 
and  insure  the  delivery  of  only  perfectly  clean  oil  to  the  bearing 
points.  Two  petcocks  are  provided  on  the  side  of  the  crankcase. 
The  one  at  the  bottom  is  a  drain  cock  through  which  the  sump  may 
be  emptied  at  any  time  while  the  testcock  indicates  if  the  oil  level 
in  the  sump  is  sufficiently  high. 
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Q.     How  can  oil  be  introduced  to  the  crankcase  interior  in 
emergencies? 

A.     Practically   all   power  plants   utilizing  the  constant  level 
splash  or  manifold  supply  systems  in  which  the  oil  is  carried  in  a 

container  integral  with 
the  crankcase  have  a 
filler  tube  or  funnel 
that  communicates  di- 
rectly with  the  crank- 
case interior,  through 
which  the  lubricating  oil 
is  poured.  In  some 
forms  of  power  plant 
wher£  the  feed  is  by 
individual  pump  me- 
chanical oilers  that  are 
set  for  normal  operating 
conditions  it  is  some- 
times desirable  to  pro- 
vide, a  hand  operated 
pump  of  the  simple 
plunger  type  that  may 
be  used  to  draw  oil  from 
an  auxiliary  tank  and 
force  it  to  the  crankcase 
interior  in  order  to  help 
out  the  lubricating  sys- 
tem under  abnormal  op- 
erating conditions  such 
as  speeding  and  long 
stretches  of  low  speed  gear  work  where  the  engine  must  run  fast 
and  pull  hard.  A  simple  form  of  oil  pump  adapted  for  this  pur- 
pose is  clearly  outlined  at  Fig.  126. 
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Fig.  126. — Hand  Pump  Sometimes  Used  to 
Inject  Oil  to  Engine  Base  as  an  Auxil- 
iary to  the  Regular  Lubrication  System. 


LESSON  THIRTEEN 

COOLING  THE  GASOLINE  ENGINE  BY  AIR 

Q.     Why  is  it  necessary  to  cool  the  cylinder  of  a  gas  engine? 

A.  The  rapid  succession  of  explosions  taking  place  in  the  com- 
bustion chamber,  which  means  that  temperatures  higher  than 
2000  degrees  F.  exist  at  that  point,  temporarily  causes  the  cylinder 
to  become  heated,  and  some  method  of  absorbing  the  surplus  heat 
must  be  provided.    ^ 

Q.     What  part  of  the  cylinder  is  hottest? 

A.  The  combustion  chamber  or  cylinder  head  is  hotter  than  the 
rest  of  the  cylinder  because  it  is  exposed  directly  to  the  hot  gases 
at  all  times  and  is  subject  to  the  maximum  temperature. 

Q.  What  would  be  the  effect  on  the  /alves,  if  the  engine 
was  not  cooled? 

A.  If  no  provision  was  made  for  absorbing  the  excess  heat  pres- 
ent in  the  combustion  chamber  the  inlet  and  exhaust  valves  would 
warp,  the  valve  head  seats  would  become  burnt  so  these  members 
could  not  hold  compression  and  the  stems  would  be  liable  to 
stick  while  in  action. 

Q.  What  would  happen  to  the  piston  if  cylinder  was  not 
cooled? 

A.  The  piston  would  expand  to  such  a  point  that  it  would  have 
much  friction  in  the  cylinder  and  on  account  of  the  high  temper- 
ature, which  would  burn  away  the  lubricating  oil,  it  would  not  be 
long  before  the  piston  would  seize  in  the  cylinder  and  perhaps  be- 
come expanded  by  the  heat  to  such  a  point  that  it  could  not  move. 

Q.     Describe  the  possible  methods  of  cooling. 

A.  Gas  engine  cylinders  may  be  cooled  by  direct  application 
of  currents  of  air  or  by  circulating  water  through  a  suitable  jacket 
around  the  hot  portions. 
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Q.     What  is  the  simplest  method? 

A.    The  system  of  direct  cooling  by  air  is  simpler  than  the  in- 
Hirect  systems  of  coolitig  by  water. 
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Q.    Will  air  absorb  heat  as  readily  as  water? 

A.  The  heat  absorbing  power  of  air  is  very  much  less  than  that 
of  a  similar  volume  of  liquid  such  as  water  or  oil. 

Q.     What  is  necessary  in  order  to  cool  successfully  by  air? 

A  In  order  to  compensate  for  the  lessened  power  of  heat  ab- 
sorption possessed  by  air  it  is  necessary  to  provide  more  radiating 
surface  from  which  the  heat  can  be  taken  and  also  to  use  rapidly 
moving  currents  of  air  passing  over  the  augmented  surface. 

Q.     Can  an  engine  cylinder  be  cooled  too  much? 

A.  It  is  possible  to  cool  a  gas  engine  cylinder  to  such  a  point 
that  the  efficiency  of  the  motor  will  be  greatly  reduced  and  cause 
it  to  lose  power. 

Q.  What  is  the  permissible  temperature  of  an  air-cooled 
cylinder? 

A.  Theoretically  a  cylinder  may  become  heated  to  the  point 
where  the  cylinder  oil  is  not  affected  unduly  by  the  heat,  but  in 
actual  practice  owing  to  the  facility  w  th  which  metals  may  become 
distorted  by  expansion  due  to  heat  it  is  not  recommended  that 
temperatures  exceeding  325  to  350  degrees  F.  be  exceeded. 

Q.     What  is  the  temperature  of  a  water  cooled  cylinder? 

A.  The  temperature  of  a  water  cooled  cylinder  must  a  ways 
remain  below  212  degrees  F.  or  the  boiling  point  of  water  because 
if  the  cylinder  is  allowed  to  become  hotter  than  this  it  will  produce 
boiling  and  rapid  evaporation  of  the  cooling  liquid. 

Q.  What  percentage  of  heat  is  lost  through  the  cooling 
system? 

A.  The  amount  of  heat  lost  through  the  jacket  water  of  the 
average  internal  combustion  cylinder  is  given  a  different  value 
by  various  authorities,  this  ranging  from  40  to  55%  of  the  total 
heat  generated  by  the  combustion  of  the  gas  in  the  cylinders. 

Q.     Is  it  desirable  to  reduce  this  heat  loss? 

A.  If  it  is  possible  to  reduce  the  loss  of  heat  units  one  will 
obtain  greater  efficiency  from  a  given  amoimt  of  fuel  because  more 
heat  is  turned  into  power.  As  a  rule  the  loss  with  an  air  cooling 
system  is  considerably  less,  and  air-cooled  engines  are  more  efficient 
than  the  water-cooled  forms. 
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Q.     How  many  methods  of  air  cooling  are  used? 
A.      There  are  two  methods  of  air  cooiiiig,  one  depending  on  the 
radiation  of  heat  from  a  largely  increased  surface  alone,  the  other 
by  convection  and  radiation,  this  involving  passing  a  current  of 
air  at  high  velocity  over  the  radiating  Eurfaces. 
Q.     Describe  simple  radiating  systems. 

A.  A  simple  radiation  system  is  used  only  in  some  forms  of 
stationary  engines  of  small  power.  To  cool  by  radiation  it  is  merely 
necessary  to  i  n'c  r  e  a  s  e 
the  external  area  of  the 
cylinder  by  any  suitable 
means.  The  air  imme- 
diately surrounding  the 
cylinder  b  heated  by 
contact  with  it  and  as 
it  is  lighter  than  cool 
air  it  rises  and  its  place 
is  taken  by  cooler, 
heavier  ai  r  which  i  n 
turn  becomes  heated  and 
makes  way  for  more  air 
at  a  lower  tem[>erature 
than  that  surrounding 
the  cylinder.  As  should 
be  expected  cooling  by 
this  method  is  too  slug- 

_  _  gish  for  general   use,  so 

Slut  From  Blower  Type  F«,  Fly~h..L         ^^^^  combined  radiation 
and  convection  systems  are  generally  employed  in  motor  vehicle 


Q.     Describe  air  cooling  by  radiation  and  convection. 

A.  A  simple  single  cylinder  air  cooling  engine  in  which  the  heat 
absorption  is  by  radiation  and  convection  is  outluied  at  Fig.  127. 
In  this  power  plant  the  cylinder  is  provided  with  radiating  flanges, 
which  are  swept  by  air  blasts  set  up  by  cooling  fans  placed  at 
each  side  of  the  cylinder  and  driven  by  frictional  contact  with  the 
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flywheel  rim.  The  more  rapid  passage  of  the  tur  currents  produces 
a  better  cooling  effect  than  would  be  obtained  by  the  simple  rad- 
iation method.  On  some  types  of  fast  moving  vehicles  where  the 
engine  is  exposed,  as  in  motorcycle  practice,  it  is  not  necessary  to 
provide  a  fan  for  producing  the  air  blast  because  these  are  auto> 
matically  produced  by  the  rapid  movement  of  the  cinder  through 
the  air. 

Q.  What  are  the  usual  methods  of  increasing  the  effective 
radiating  surface? 

A.    The  cylinder  is  generally  provided  with  flanges  which  may  be 
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cast  integral  or  which  may  be  made  of  some  metal  that  is  a  better 
conductor  of  heat  than  cast'iron  and  forced  in  place  around  the 
cylinder  by  shrinking  them  ag&inst  the  smoothly  machined  exterior. 
Sometimes  tlie  cylinder  is  provided  with  inserted  pins  or  with  pro- 
jecting spines  cast  integrally.  Other  forms  have  been  made  in  which 
metal  combs  have  been  fitted  to  the  cylinder  e'ther  by  pecning  these 
in  grooves  milled  longitudinally  on  the  cylinder  walls  or  by  inserting 
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them  in  the  mould  and  pouring  in  the  molten  metal  when  the  cyl- 
inder is  cast. 

Q.    Which  is  the  most  efficient  method  of  flange  application? 

A.  Owing  to  the  loss  of  heat  at  joints  the  integrally  cast  flange 
18  generally  preferred  to  applied  flanges. 


Q.     Ilow  are  air  currents  produced  for  cooling  cylinders? 

A.  Air  currents  may  be  directed  agcunst  the  cooling  flanges  by 
means  of  simple  fans,  as  shown  at  Fig.  127,  or  by  flywheel  suction 
as  shown  at  Figs.  128  and  129,  In  some  forms  of  aeroplane  power 
plants,  notably  the  Gnome  motor,  which  has  revolving  cylinders 
and  which  ia  illustrated  at  Fig.  130,  the  cylinders  are  cooled  by  rapid 
rotation  through  the  air. 
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Q.    Describe  air  cooling  by  flywheel  suction. 

A.  The  system  of  air  cooling  employed  on  Franklin  motor 
cars  is  typical  of  the  method  of  inducing  air  current  by  flywheel 
suction.  This  power  plant  is  shown  at  Fig.  129  and  the  path  of  the 
air  currents  can  be  readily  ascertained  by  following  the  arrows  in- 
dicated. The  motor  is  carried  in  a  practically  air  tight  compart- 
ment, except  for  an  opening  at  the  front  end  of  the  hood,  and  the 
only  way  air  entering  may  escape  ia  through  the  rear  end  of  the 
motor  compartment.  The  flywheel  is  a  special  form  having  a  series 
of  curved  blades  which  have  a  suction  effect  as  they  revolve  and 


Pig.  130;— Air-Cooled  Motor  Having  Fourteen  Revolving  Cylinders 
Uied  for  Aeroplane  Propnlaion. 
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tend  to  exhau  t  the  air  from  the  motor  compartment.  During  the 
entire  period  of  time  the  engine  is  in  operation  the  flywheel  produces 
a  partial  vacuum  in  the  motor  compartment  by  its  pronounced 
draught  creating  properties  and  cool  fresh  air  is  constantly  entering 
through  the  front  of  the  hood  to  replace  the  warm  air  drawn  out  by 
the  blower  flywheel.  Before  the  entering  air  can  leave  the  motor 
compartment  it  must  pass  through  sheet  metal  jackets  which  sm*- 
round  the  cylinders  and  as  it  brushes  by  the  vertical  radiating  flanges 
it  becomes  heated  and  the  surplus  heat  is  thus  taken  from  the 
cy  inder.  A  similar  system  used  successfully  on  the  Chase  motor 
truck  is  outlined  at  Fig.  129A. 

Q.     Describe  blower  system  of  air  cooling. 

A.  Air  cooled  cylinders  are  sometimes  cov^led  by  a  blast  of  air 
directed  against  them  by  a  pressure  blower,  as  shown  at  Fig.  128, 
instead  of  a  suction  fan.  This  form  of  blower  draws  in  a  cool  air 
current  and  forces  it  against  the  cylinders  through  a  suitable  air 
pipe  which  is  connected  to  an  air  jacket  surrounding  the  cylinders. 

Q.    What  are  the  advantages  of  air  cooling? 

A.  Besides  being  more  efficient  as  regards  fuel  consumption  an 
air  cooled  engine  may  be  operated  under  conditions  of  extremely 
low  temperature  that  would  interfere  seriously  with  the  operation 
of  water-cooled  cars.  During  cold  weather  it  is  necessary  to  fill 
the  radiators  of  water-cooled  cars  with  anti-freezing  compounds 
which  require  constant  attention  and  which  in  some  cases  are  actu- 
ally harmful  to  the  various  components  of  the  cooling  system. 
An  air-cooled  motor  will  work  as  well  in  cold  weather  as  it  will 
during  the  warmer  season  and  there  is  no  necessity  of  making  any 
changes  in  the  cooling  systems  to  provide  for  lower  temperatures. 

Q.     What  are  the  defects  of  air  cooling? 

A.  One  of  the  main  defects  of  air-cooled  motors,  as  heretofore 
constructed,  has  been  the  necessity  of  careful  driving  and  intelli- 
gent lubrication  and  mixture  adjustment.  The  air-cooled  motor  is 
not  as  suitable  a  form  for  general  use  as  the  water-cooled  type  be- 
cause it  becomes  overheated  under  certain  conditions  of  abuse, 
wnere  the  overheating  of  a  water-cooled  engine  under  similar  con- 
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ditions  would  not  be  so  apparent  on  account  of  the  greater  capacr 
ity  of  a  water-cooling  system  to  absorb  heat.  When  used  under 
conditions  of  overload  or  maximum  power  generation  for  extended 
periods,  the  air-cooled  engine  is  not  as  suitable  as  the  water-cooled 
type. 

Q.     Where  is  air  cooling  particularly  desirable? 

A.  Air-cooled  engines  are  widely  applied  as  power  plants  where 
maximum  simplicity  and  lightness  for  a  certain  horse  power  are 
essential. 

Q.     Where  are  air  cooled  eng^ines  widely  used? 

A.     Air-cooled  engines  have  been  almost  universally  applied  tr» 
motorcycle  propulsion,   have  been  used  extensively  as  light  port' 
able  power  plants  for  farm  use  and  have  also  received  som*»  «ppb 
cation  in  aeroplane  service. 


LESSON  FOURTEEN 
TYPICAL  WATER  COOLING  SYSTEMS 

Q.     What  is  the  common  method  of  cooling  by  water? 

A.  In  usual  water  cooling  systems  the  cylinder  is  provided 
with  a  water  jacket  which  is  kept  constantly  filled  with  water,  this 
passing  out  of  the  jacket  when  it  becomes  heated  and  returning 
again  when  it  has  been  cooled  by  external  means. 

Q.     Name  the  two  systems  of  water  cooling. 

A.  There  are  two  common  methods  of  cooling  by  water,  the 
simplest  of  these  being  the  thermo-syphon  or  natural  system;  the 
other  is  the  pump  circulation  method. 

Q.     How  does  the  thermo-syphon  system  operate? 

A.  The  conventional  arrangement  of  parts  of  a  thermo-syphon 
cooling  system  is  outlined  at  Fig.  131.  A  radiator  or  water 
container  supplies  water  to  the  lower  portion  of  the  water  jacket 
by  means  of  a  manifold  pipe  and  after  the  water  becomes  heated 
it  passes  out  of  the  top  of  the  water  jacket,  through  another  mani- 
fold to  the  top  of  the  radiator.  The  circulation  is  maintained  by 
a  natural  law  that  hot  water  being  lighter  than  cool  water  will  rise 
and  be  replaced  by  water  at  lower  temperature.  In  the  system 
outlined  the  heated  water  from  the  engine  passes  through  the  rad- 
iator and  is  cooled  and  falls  to  the  bottom  of  the  radiator  where  it 
is  again  conducted  to  the  bottom  of  the  cylinder.  Circulation  is 
maintained  automatically  as  long  as  the  engioe  is  in  operation  and 
the  radiator  is  filled  with  water. 

Another  method  of  cooling  by  the  thermo-syphon  system,  in 
which  the  radiator  is  carried  at  the  back  of  the  power  plant  instead 
of  at  the  front  end,  is  shown  at  Fig.  132.  The  principal  parts  con- 
sist of  a  radiator,  which  serves  as  a  water  cooler  and  storage  tank, 
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a  centrifugal  fan  member  to  draw  air  through  the  radiator,  and  suit- 
ble  pipes  to  connect  the  water  jacket  with  the  upper  and  lower 
portions  of  the  radiator  respectively. 

Q.  What  precautions  are  necessary  to  successfully  use  ther- 
mo-syphon  cooling? 

A.  Where  the  water  is  circulated  by  natural  means  it  is  neces- 
sary to  have  a  radiator  of  large  capacity  and  also  large  water  jackets 
and  manifold  pipes  as  circulation  due  to  the  heating  and  cooling  of 
water  is  more  sluggish  than  in  systems  where  a  pump  is  employed. 


Fig.  131. — Illustrating  Action  of  Simple  Thermo-Syphon  Water-Cool- 
ing System. 

Thus  large  water  passages  are  necessary  so  the  flow  of  liquid  will 
not  be  impeded  by  small  water  spaces  or  resistance  of  small  bore 
water  pipes. 

Q.     What  are  the  advantages  of  the  forced  circulation  method? 

A.  When  a  pump  is  employed  to  circulate  liquid,  as  shown  at 
Fig.  133,  the  cooling  system  may  be  made  lighter  because  less 
water  is  needed  in  the  radiator  and  the  water  pipes  and  water  spaces 
aroimd  the  cylinders  may  be  made  smaller.  The  pump  is  driven  by 
mechanical  connection  with  the  engine  crankshaft  and  as  the  speed 
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of  the  motor  increases,  the  circulatioD  of  the  water  becomes  more 
energetic.  A  more  efficient  form  of  radiator  having  smaller  passages, 
which  will  cool  the  water  quicker  than  large  passages  designed  for 
free  flow,  may  be  used. 

Q.     Name  principal  parts  of  forced  circulation  system. 

A.  The  principal  parts  of  a  forced  circulation  system  used\)n 
Packard  cars  are  clearly  outlined  at  Fig.  134.    The  water  is  taken 


Water  Cooling  Systems 


243 


from  the  lower  portion  of  the  radiator  by  the  pump  from  which  it 
is  delivered  to  a  manifold  or  water  inlet  header  attached  to  the 
lower  portion  of  the  water  jackets  immediately  under  the  inlet 
valve.  The  heated  water  is  forced  out  of  the  top  of  the  water 
jacket,  through  short  cast  fittings  joined  together  by  lengths  of  rub- 
ber hose.  The  water  passes  to  the  top  of  the  radiator  and  as  it  flows 
through  the  narrow  passages  it  becomes  cooled  because  the  tubing 
of  which  the  radiator  is  composed  is  kept  at  a  low  temperature 


Fig.  133. — Conventional   Forced  Circulation   System   Employing   Me- 
chanically Driven  Pump  to  Insure  Movement  of  Water. 

by  a  current  of  air  drawn  through  the  radiator  by  a  V  belt  driven, 
cast  aluminum  fan. 

Q.     How  many  types  of  pumps  are  commonly  used  in  water 
cooling  systems? 

A.     The  forms  of  pumps  utilized  to  circulate  the  water  through 
the  radiator  and  water-jacket  spaces  are  usually  of  the  rotary  type^, 
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either  of  the  spur  gear  or  centrifugal  style.  On  m^ine  motors  the 
plunger  pump  is  very  widely  used  because  it  must  lift  water  instead 
of  merely  circulating  it  from  one  member  to  another. 

Q.     Describe  construction  and  action  of  centrifugal  pump. 

A.  A  typical  centrifugal  pump  is  shown  at  Fig.  135.  This  con- 
sists of  a  cast  bronze  casing,  having  a  water  inlet  concentric  with 
and  surrounding  the  impeller  shaft  and  an  outlet  extending  from  a 
point  on  its  periphery;  an  impeller  or  paddle  wheel  carried  by  suit- 
able bearings  in  pump  case  and  pump  cover.  The  impeller  la  re- 
volved at  fairly  high  speed  by  mechanical  connection  with  some 


Pig.  135. — Parts  of  Centrifugal  Water  Pump. 

movmg  part  of  the  motor  and  as  it  revolves  in  the  casing  it  forces 
the  water  entering  through  the  inlet  at  the  center  of  the  impeller 
outwardly  by  centrifugal  force  and  discharges  the  water  from  the 
outlet  in  the  pump  periphery.  The  pump  intake  is  invariably  con- 
nected to  the  lower  portion  of  the  radiator  where  the  water  is  cool- 
est, and  the  discharge  or  outlet  is  joined  to  the  manifold  connecting 
the  lower  portion  of  the  water  jackets, 

Q.    Outline  construction,  and  action  of  gear  pump. 

A.     The  geM-  form  of  circulating  pump  is  clearly  shown  at  Fig. 
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136.  This  consists  of  two  spur  gears  that  are  a  fairly  tight  fit  in 
the  pump  casing,  one  of  these  being  keyed  to  a  shaft  that  serves  as  a 
driver  while  the  other  revolves  idly  on  a  stud  fastened  to  the  pump 
case.  As  the  gears  are  in  mesh  no  water  can  pass  between  them  and 
as  they  rotate  small  volumes  of  water  are  imprisoned  in  the  spaces 
between  the  teeth  and  are  forced  from  the  inlet  opening  around 
the  side  of  the  casing  and  are  discharged  through  the  outlet  pipe. 


Fig.  136.— DiagraiT)  Outlining  Action  of  Typical  Gear  Pump. 
All  parts  of  water  circulating  pumps  are  preferably  made  of  bronze 
because  this  metal  is  not  as  much  affected  by  water  and  does  not 
corrode  or  otherwise  deteriorate  as  rapidly  as  the  ferrous  materi- 
als steel  and  iron.  The  gear  form  of  pump  is  driven  by  positive 
mechanical  connection  in  just  the  same  way  as  the  centrifugal 
type  and  is  utilized  in  the  same  manner. 
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Q.     How  is  the  heated  water  from  th€  engine  cooled? 

A.  After  the  water  has  become  heated  "by  contact  with  the  hot 
cyHnder  and  combustion  chamber  walls  it  is  discharged  to  the  top 
of  a  cooling  device  termed  a  "radiator'*  by  which  it  is  exposed  to 
a  large  metal  surface  which  absorbs  the  surplus  heat  and  which,  in 
turn,  is  kept  cool  by  currents  of  air  passing  through  the  spaces  be- 
tween the  water  tubes.  Two  typical  radiators  are  outlined  at  Fig. 
137,  that  at  A  being  a  form  intended  for  application  at  the  front 
end  of  the  chassis,  while  the  form  at  B  is  fitted  at  the  rear  of  the  miotor 
and  immediately  in  front  of  the  dash  separating  the  engine  com- 
partment from  the  body  portion. 

Q.     How  do  radiators  differ  in  form? 

A.  The  main  difference  in  radiators  is  in  the  formation  of  the 
water  passages.  In  some  types  the  water  is  made  to  flow  through 
tubes  of  small  diameter  which  spread  it  out  in  thin  sheets,  whereas 
in  others  tubes  of  greater  volume  are  employed  and  the  water  is 
allowed  to  flow  through  in  larger  quantities.  The  form  which 
divides  the  water  into  numerous  small  streams  must  be  used  in  con- 
nection with  a  circulating  pump  of  some  type  while  that  offering 
larger  water  passages  can  be  utilized  in  connection  with  engines 
cooled  by  the  thermo-syphon  system. 

Q.     What  type  is  the  more  efficient? 

A.  The  type  in  which  the  water  is  divided  into  many  small 
streams  is  the  most  generally  used  on  account  of  its  greater  efficiency. 
Because  of  the  narrow  water  passages  the  tubing  may  have  a  large 
area  exposed  to  the  influence  of  the  cooling  currents  of  air,  and  the 
heat  is  more  easily  extracted  from  a  small  body  of  water  than  from 
a  larger  amount. 

Q.     What  are  the  disadvantages  of  narrow  water  passages? 

A.  It  is  more  difficult  for  the  water  to  flow  through  narrow 
passages  as  shown  at  Fig.  1^*9,  because  of  the  resistance  offered  by 
the  walls  of  the  cooling  tubes.  Then  again,  it  is  easier  for  the  small 
passages  to  become  constricted  with  scale  or  impurities  in  the  water 
and  ciiculation  is  thus  impeded.  The  forms  of  cooling  tubes  shown 
at  Fig.  140  A  and  B  when  assembled  together  form  what  is  known 
as  a  honeycomb  cooler  on  account  of  its  appearance.     As  will  be 
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evident  with  either  the  square  tubes  shown  at  A  or  the  zigzag  pas- 
sages outlined  at  fi  a  large  amount  of  metal  surface  compared  to 
volume  of  water  is  exposed  to  the  action  of  the  air  currents  and  the 
heat  is  readily  extracted  from  the  liquid.  The  end  view  of  a  typical 
honeycomb  section  made  up  of  tubes  as  shown  at  £  is  outlined  and 
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it  will  be  noticed  that  the  ends  of  the  tubes  are  swaged  together 
and  firmly  soldered  in  order  to  make  water-tight  joints. 

Q.  Name  advantages  and  defects  of  large  water  passages  in 
radiator. 

A.  Methods  of  radiator  construction,  which  provide  larger  pas- 
s^es  for  the  water  than  those  previously  discussed,  are  shown  at 
Figs.  140  and  141.    The  general  construction  of  the  section  outlined 


at  Fig.  140  is  very  similar  to  that  of  a  honey-comb  radiator  but  the 
tubes  are  so  assembled  that  larger  water  spaces  are  provided  be- 
tween them  for  the  water  to  pass  through.  At  Fig.  141  the  tubes 
are  Rattened  and  the  effective  radiating  surface  is  augmented  by 
means  of  flat  cooling  flanges  through  which  the  tubes  are  passed  and 
to  which  they  are  firmly  secured  by  solder  when  building  up  the 
radiator.    The  front  of  the  section  shown  at  Fig.  141  is  provided 
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with  a  series  of  vertical  strips  which  give  the  effect  of  the  convention- 
al honey-comb  cooler.  When  water  is  circulated  in  large  passages 
there  is  no  retarding  effect  offered  by  the  friction  of  the  tubing  walls 
and  as  the  passages  are  direct  they  are  not  liable  to  become  clogged 
with  rust  or  other  foreign  matter  in  the  water.  The  disadvantages 
of  the  large  water  passages  are  that  a  greater  volume  of  water  is 
needed  on  account  of  the  reduced  cooling  effect.  When  water  is 
spread  out  in  thin  sheets  it  is  easy  to  cool  the  entire  mass  but  when 


it  passes  through  tubes  of  large  bore  only  the  outside  of  the  column 
of  water  is  exposed  to  the  cool  walls  of  the  metal  tube  and  the  inner 
core  remains  warm.  Water  coolers  having  large  tubes  are  better 
adapted  for  the  natural  or  thermo-syphon  cooling  systems. 

Q.     How  is  air  circulated  through  radiators? 

A.  The  usual  method  of  supplying  a  stream  of  air  is  to  use  some 
form  of  simple  fan  placed  immediately  back  of  the  radiator  to  draw 
the  air  through  the  spaces  between  the  tubes  while  in  those  forms 
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where  the  radiator  is  carried  at  the  rear  of  the  hood,  as  shown  at 
Fig.  138,  a  fan  blade  flywheel  is  often  employed  to  produce  the  air 
draft. 

Q.  How  are  various  members  of  the  cooling  system  coupled 
together? 

A.  As  is  clearly  outlined  at  Fig.  134  the  various  members  of  a 
cooling  system  are  joined  together  by  means  of  rubber  and  metal 
piping.  Metal  pipe  is  used  at  all  points  where  the  members  are 
held  rigid  and  are  not  liable  to  vibrate,  while  rubber  hose  joins 
two  members  which  are  liable  to  have  motion  relative  to  each  other. 
For  instance,  in  practically  all  cars  the  radiator  is  joined  to  the 
water  jackets  at  the  motor  top  and  to  the  circulating  pump  by 
means  of  flexible  non-metallic  conductors.  If  metal  pipe  is  need, 
the  vibration  is  apt  to  crystallize  it  or  open  the  joints. 

Q.  How  are  tight  joints  insured  with  the  various  forms  of 
pipe? 

A.  Water  conductors  of  metal  are  usually  provided  with  flanged 
fittings  which  join  them  to  the  water  jackets  and  other  parts,  and 
a  tight  joint  is  insured  by  interposing  a  gasket  or  packing  member 
which  is  tightly  squeezed  between  the  pipe  flange  and  the  member 
to  which  it  is  connected  and  thus  forms  an  effective  seal  to  prevent 
leakage  of  water.  In  some  constructions  the  en^s  of  the  metal  pipe 
are  pushed  into  a  suitable  opening  made  to  receive  them  and  a 
tight  joint  is  insured  by  a  packing  gland  and  hemp  wicking.  Tight 
joints  may  be  made  with  rubber  hose  by  using  the  regular  form  of 
hose  clamps  which  constrict  around  the  hose  and  bring  it  in  firm 
contact  with  the  pipe  over  which  it  is  slipped. 

Q.     Name  two  methods  of  constructing  water  manifolds. 

A.  Water  manifolds  may  be  cast  in  one  piece  or  may  be  built 
up  of  various  cast  fittings  and  lengths  of  tubing  joined  together 
by  a  brazing  or  soldering  process. 

Q.  Why  are  built-up  metal  manifolds  preferable  to  cast 
manifolds? 

A.  The  usual  form  of  cast  manifold  imless  of  very  large  volume 
has  rough  interior  walls  that  are  apt  to  impede  the  flow  of  water 
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and  that  also  encourage  the  accumulation  of  foreign  matter  because 
projecting  particles  of  metal  serve  as  anchorage  points.  In  a  built- 
up  manifold  the  castings  are  usually  so  small  that  one  has  no  diflS- 
julty  in  cleaning  them  out  thoroughly  and  all  roughness  of  interior 
walls  may  be  removed.  The  tubing  has  smooth  walls  and  with  a 
properly  built-up  manifold  one  provides  a  conductor  for  the  cooling 
liquid  having  minimum  internal  resistance. 
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Fig.  142.— Outlining  Method  o(  Driving  Radiator  Cooling  Fan.   A — By 
FJat  Belt.     B — By  Enclosed  Shaft  and  Gearing. 

Q.     Name  the  various  forms  of  air  circulating  fans. 

A.  Air  fans  may  be  of  three  main  types.  The  most  common  form 
is  a  six  blade  fan  having  the  blades  inclined  to  such  an  angle  that 
they  draw  in  an  air  current  through  the  radiator.  Another  type 
made  in  twc  or  three  blades  is  baaed  more  on  the  lines  of  the  pro- 
pellers used  in  marine  and  aeroplane  service.  The  third  type  is  form- 
ed integral  with  the  flywheel  and  may  consist  of  spokes  having 
fan  blade  curvature  and  angular  disposition  or  may  be  a  series  of 
blades  fastened  to  the  flywheel  periphery. 
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Q.     How  are  circulating  fans  driven? 

A.  Air  circulating  fans  may  be  driven  by  positive  or  flexible 
means  depending  upon  the  preferences  of  the  designer.  Fans  have 
been  operated  by  positive  gearing,  such  as  bevel,  spur  and  spiral 
gears,  or  silent  chains  and  by  flexible  gearing,  such  as  round  steel 
wire  or  leather  belts  and  flat  and  V  leather  belt.  When  positive 
gearing  is  employed  in  connection  with  the  usual  form  of  built-up 
fan  it  is  customary  to  interpose  some  form  of  slipping  drive  between 
the  fan  hub  and  the  gearing  in  order  to  relieve  the  fan  of  any  sudden 
jerks  which  might  result  in  throwing  off  a  fan  blade  when  the  motor 
is  started  or  stopped  suddenly  or  when  accelerated  too  quickly. 
When  flexible  driving  means  such  as  belts  are  used  some  form  of 
automatic  belt  tension  regulator  is  included  in  the  design  in  ordet 
to  keep  the  belt  tight  and  insure  positive  drive.  The  flat  belt  is 
widely  used  on  account  of  its  simplicity  and  cheapness,  while  a 
V  belt  is  utilized  by  some  designers  because  it  will  furnish  more 
positive  drive  than  the  flat  belt  and  its  tension  does  not  have  to  be 
so  carefully  regulated.  A  V  belt  will  drive  when  loose,  whereas  the 
flat  belt  is  apt  to  slip  under  the  same  conditions. 


LESSON  FIFTEEN 

USE  OF  CLUTCH  AND  VARIOUS  TYPES  DESCRIBED 

Q.     What  is  the  clutch  and  where  is  it  generally  placed? 

A.  The  clutch  is  used  to  transmit  power  from  the  engine  to  the 
gearset  and  is  a  form  of  drive  coupling  that  may  be  released  when 
it  is  desired  to  allow  the  power  generating  and  energy  transmitting 
members  to  rim  independently  of  each  other.  A  typical  power 
plant,  clutch,  and  gearset  assembly  is  outlined  at  Fig.  143  with  all 
parts  clearly  indicated.  The  power  generated  by  the  explosion  of 
the  gas  against  the  pistons  of  the  motor  imparts  a  rotary  movement 
to  the  crankshaft,  and  from  thence  to  the  flywheel  which  is  rigidly 
connected  thereto.  The  motor  flywheel  serves  as  one  member  of 
the  clutch  and  is  machined  with  a  taper  into  which  the  cone  or  male 
member  of  the  clutch  fits.  The  cone  is  held  in  frictional  contact 
with  the  flywheel  rim  by  a  spring  and  when  the  parts  are  in  the 
positions  indicated  practically  the  full  power  delivered  to  the  en- 
gine crankshaft  will  be  transmitted  through  the  clutch  cone  to  the 
clutch  shaft  which  is  joined  to  the  main  shaft  of  the  gearset  by  a 
positive  drive  coupling.  If  the  cone  is  pulled  away  from  the  flywheel 
rim  by  means  of  the  clutch  release  pedal  provided  for  the  purpose, 
the  engine  crankshaft  may  run  independently  of  the  gearset. 

Q.  Why  is  a  clutch  needed  with  a  gas  engine  and  not  with 
a  steam  or  electric  motor? 

A.  A  steam  or  electric  motor  may  be  started  under  load  because 
the  real  motive  power,  which  is  steam  or  electricity,  as  the  case  may 
be  is  under  pressure  in  a  suitable  container  and  this  working  medium 
may  be  directed  to  the  power  plant  and  sets  it  in  motion  against  its 
load.    In  order  to  get  a  start  it  is  possible  to  supply  an  excess  of 
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power  if  this  is  necessary.  In  a  gas  engine  the  power  is  generated 
by  explosions  occurring  directly  in  the  cylinders  and  it  is  not  possible 
to  start  an  engine  of  this  kind  under  full  load.  In  order  to  start  the 
engine,  it  should  be  free  from  the  retarding  influence  of  the  car, 
and  for  this  reason,  it  is  necessary  to  interpose  the  clutch  between 
the  source  of  power  and  the  point  of  application  to  enable  the  en- 
gine to  be  started  independently  of  the  vehicle  it  propels.  Then 
again  it  would  be  inconvenient  to  be  constantly  stopping  the  motor 
every  time  one  desired  to  stop  the  car,  so  the  clutch  enables  one  to 
stop  the  car  and  the  motor  can  be  kept  in  operation  imtil  such  time 
it  is  desired  to  start  again,  when  the  clutch  may  be  re-engaged  and 
the  motor  power  again  directed  to  the  traction  members. 

Q.     What  is  the  principle  of  clutch  action? 

A.  Most  clutches  operate  because  of  frictionai  adhesion  of  vari- 
ous substances  under  pressure.  In  some  forms  the  power  is  trans- 
mitted by  the  actual  mechanical  interlocking  of  two  members,  one 
which  has  projecting  points  and  the  other  which  has  depressions 
made  to  receive  the  projections  of  the  opposing  member.  These 
clutches  are  known  as  positive  clutches,  while  those  which  depend 
on  frictionai  adhesion  are  termed  ''friction  clutches.''  The  essential 
parts  of  all  clutches  are  the  same,  consisting  of  a  driving  membei 
attached  to  the  source  of  power,  a  driven  member  attached  to  the 
power  transmission  member  and  suitable  means  to  hold  this  into 
engagement  when  it  is  desired  to  transmit  the  power  and  separate 
them  when  it  is  necessary  for  the  engine  and  gearset  to  run  inde- 
pendently of  each  other. 

Q.     What  are  the  principal  types  of  friction  clutches? 

A.  Friction  clutches  may  be  divided  into  four  main  classes:  the 
cone,  plate,  multiple-disc  and  band  forms. 

Q.  Describe  construction  and  name  important  i^arts  of  cone 
clutch. 

A.  A  typical  cone-clutch  assembly  with  the  main  parts  clearly 
indicated  is  outlined  at  Fig.  144  and  an  optional  arrangement  of 
parts  sometimes  uged  is  depicted  at  Fig.  145.  The  driving  member 
of  the  clutch  is  formed  by  the  motor  flywheel,  while  the  driven 
member  is  a  cone  that  is  held  in  contact  with  the  tapering  inner 
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periphery  by  means  of  a  heavy  spring  connected  in  such  a  way  that 
itia  restrained  from  end  movement  by  a  suitable  means  of  fastening 
to  the  crankshaft.  As  long  as  the  spring  keeps  the  clutch  cone  in 
contact  with  the  flywheel  and  the  spring  is  permitted  to  exert  its 
full  pressure,  the  clutch  cone  and  flywheel  are  firmly  locked  together 
t;o  form  practically  a  rigid  coupling.  When  it  is  desired  to  re- 
lease the  clutch  a  shifting  yoke  carrying  clutch   release   rolls   is 
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Fig    144 — Cone  Clutch  Used  on  Pope-Hartford  Motor  Cars. 

adapted  to  bear  against  an  upstanding  flange  attached  to  the  clutcli 
cone  and  to  pull  the  cone  out  of  engagement  with  the  motor  fly- 
wheel by  compressing  the  clutch  spring. 

The  form  of  cone  clutch  shown  at  Fig.  145  is  known  as  the  invert- 
ed type  because  the  clutch  cone  is  held  in  contact  by  a  spring 
pushing  the  cone  away  from  the  flywheel  and  having  an  inverted 
taper  so  that  the  more  the  cone  is  pushed  away  from  the  flywheel 
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the  greater  will  be  its  degree  of  frietional  adhesion  with  the  applied 
ring  that  serves  as  a  female  clutch  member.  To  release  a  clutch, 
of  this  type  it  is  necessary  to  push  the  cone  toward  the  flywheel, 
while  in  the  forms  shown  at  Fig.  144  it  is  necessary  to  pull  the 
clutch  eone  away  from  the  flywheel. 

Q.  What  is  the  female  mem- 
ber, and  how  is  k  made  ? 

A.  The  female  member  of  a 
cone  clutch  is  usually  the  driv- 
ing portion  and  is  made  of  cast 
iron,  either  in  the  form  cf  an 
applied  ring  machined  with  an 
internal  taper,  as  shown  at  Fig 
145,  or  it  may  be  integral  with 
the  motor  flywheel  as  is  com- 
mon practice.  When  tie  in- 
verted type  of  clutch  is  used,  it 
is  necessary  to  bolt  the  female 
member  in  place  to  the  flywheel, 
as  shown  at  Fig.  145. 

Q.  What  is  the  cone  made  of? 

A.  The  clutch  cone  is  usually 
a  light  aluminum  casting  or  a 
sheet  steel  stamping. 

Q.  What  is  the  angle  of  the 
cone  taper  and  why? 

A.  The  usual  angle  employed  for  clutch  cone  is  twelve  and  one- 
half  degrees  and  this  is  used  because  it  is  the  least  that  can  be  utilized 
and  have  a  clutch  that  will  release  promptly  and  yet  not  require 
excessive  spiing  pressure  to  keep  the  parts  in  contact  when  trans- 
mitting power.  More  gradual  tapers  are  apt  to  produce  wedging  and 
make  it  diSicult  to  release  the  clutch  promptly,  while  more  abrupt 
tapers  will  cause  the  clutch  to  slip,  unless  the  parts  are  held  to- 
gether by  cons'derable  spring  pressure. 

Q,     Why  is  it  desirable  to  make  the  cone  as  light  as  possible? 

A.    The  clutch  cone  is  usually  made  light  so  that  it  will  not  spin 
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or  rotate  appreciably  after  it  has  been  released  from  the  driving 
member.  The  heavier  the  clutch  cone,  the  greater  will  be  its  inertia 
or  tendency  to  revolve,  due  to  the  power  stored  in  its  rim. 

Q.     What  materials  are  used  to  face  the  clutch  cone  with? 

A,\  The  clutch  cone  is  usually  faced  with  a  good  grade  of  oak 
tanned  sole  leather  though  in  some  cases  asbestos  fabrics  have  been 
used  with  success.  In  some  constructions  the  cone  is  of  metal, 
studded  with  cork  inserts,  though  as  a  rule  the  cone  is  faced  with 
leather  even  if  cork  inserts  are  used.  Materials  are  used  for  facings 
that  are  not  likely  to  be  affected  by  oil  or  heat  and  that  have  a  high 
coefficient  of  friction  with  cast  iron  of  which  the  female  member  is 
invariably  composed. 

Q.     What  does  "coefficient  of  friction"  mean? 

A.  The  "coefficient  of  friction''  is  a  term  used  to  indicate  the 
amount  of  frictional  adhesion  various  materials  have  for  each  other 
under  similar  conditions  of  pressure. 

Q.  Name  the  "coefficient  of  friction"  of  various  surfaces  in 
contact. 

A.  A  table  of  triction  coefficient  of  various  materials  compiled 
from  tests  made  by  the  Cork  Insert  Co.  follows: 

MATERIAL  COEFFICIENT 

Metal  and  Cork  on  dry  metal 0. 35 

Leather  and  Cork  on  oily  metal 0. 32 

Fiber  and  Cork  on  oily  metal   

Tiber  on  dry  metal      0. 27 

Fiber  on  oily  metal 0. 10 

Leather  on  dry  metal    ' 0. 23 

Leather  on  oily  metal 0. 15 

Charred  leather  on  oily  metal 0. 08 

Metal  against  dry  metal 0. 15 

Metal  on  oily  metal 0. 07 

The  coefficient  will  vary  with  condition  of  the  contacting  sur- 
face. Smooth  and  hard  surfaces  offer  less  resistance  than  rough  and 
yielding  ones.  In  metal  to  metal  clutches  different  materials  are 
usually  emploT'ed  for  the  opposing  surfaces  such  as  bronze  and  steel 
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• 
in  multiple  disc  clutches  or  cast  iron  or  bronze  and  steel  in  three 
plate  types.  A  coefficient  of  friction  of  0.10  means  that  the  adhesion 
between  the  surfaces  will  be  10%  of  the  total  pressure  producing 
frictional  contact.  Therefore,  a  combination  leather  and  cork 
friction  facing  acting  against  dry  cast  iron,  as  in  a  cone  clutch, 
and  having  a  ^coefficient  of  0.35  will-  adhere  to  the  member  against 
which  it  contacts  with  a  force  equal  to  about  Ji  of  that  keeping  the 
surfaces  in  contact. 

Q.     How  is  clutch  cone  kept  in  contact  with  female  member? 

A.  The  clutch  cone  in  practically  all  cases  is  held  in  engagement 
with  the  female  member  by  the  pressure  of  one  or  more  coil  springs. 
In  some  constructions  the  clutch  cone  is  brought  into  engagement 
by  means  of  levers  actuated  by  some  member  that  can  be  locked  in 
place  to  hold  the  parts  in  contact  until  released. 

Q.     What  is  the  function  of  the  ball  thrust  bearing? 

A.  As  will  be  observed  by  referring  to  Figs.  143  to  145  in  no  case 
is  the  spring  pressure  applied  directly  to  the  clutch  cone  and  a  ball 
thrust  bearing  is  always  interposed  to  take  the  spring  thrust  against 
the  cone.  This  is  used  in  order  to  permit  the  parts  to  operate  in- 
dependently of  each  other  when  the  clutch  cone  is  moved  so  the 
spring  is  compressed.  The  ball  thrust  bearing  has  so  little  friction 
that  the  full  spring  pressure  may  be  exerted  against  it  without 
causing  rotation  of  the  cone  when  that  member  is  out  of  engage- 
ment with  the  flywheel  rim.  If  no  ball  thrust  bearing  was  used  when 
the  clutch  cone  was  pushed  away  from  the  female  member,  the 
spring  in  contact  with  the  driving  member  would  tend  to  impart 
its  rotary  motion  to  the  clutch  cone  and  keep  it  turning  when  it 
is  desirable  to  have  it  stop  when  released. , 

Q.    What  are  the  advantages  of  the  cone  clutch? 

A.  The  cone  clutch  is  a  very  simple  form  that  is  easy  to  operate 
and  understand.  When  properly  designed  it  will  transmit  the 
entire  power  of  the  motor  to  which  it  is  applied  without  slipping 
and  it  can  be  made  to  release  promptly  and  to  engage  gradually 
if  desired. 

Q.    What  is  the  main  disadvantage  of  a  cone  clutch? 

A.     Owing  to  the  mass  of  the  clutch  cone  and  its  leather  facing      ^^ 
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there  is  a  tendency  for  the  cone  to  continue  to  rotate  when  releaaed 
from  driving  engagement  with  the  flywheel.  The  rim  of  even  the 
lightest  cone  and  its  leather  facing  have  appreciable  weight,  and 
while  this  is  not  much  it  is  carried  at  a  sufficiently  large  radius 
from  the  center  so  the  cone  has  considerable  momentum  and  acts, 
to  some  extent,  as  a  flywheel.  This  continued  rotation  is  called 
'"spiiming"  and  is  objectionable,  because  it  makes  gear  shifting 
difBcult. 


Q,     How  is  "spinning"  prevented? 

A.  Continued  rotation  of  the  clutch  cone  is  easily  prevented  by 
applying  some  form  of  braking  member  which  will  come  in  contact 
with  the  revolving  cone  after  it  has  been  pulled  clear  of  the  flywheel, 
A  simple  clutch  brake  is  shown  at  Fig.  146.  The  friction  pad  A 
is  carried  by  the  clutch  shifter  yoke  B  in  such  a  way  that  it  comes 
in  contact  with  the  clutch  cone  only  when  this  has  been  withdrawn 
a  certain  distance  by  the  yoke  F  and  the  rolls  G,  as  previously 
described.    Suitable  adjustments  we  provided  at  C,  D,  and  E,  so 
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the  friction  pad  may  be  brought  into  engagement  with  the  cone 
at  any  time  that  is  desirable  and  in  order  to  compensate  for  weai 
or  other  depreciation  of  the  friction  pad  A. 

Q,     Describe  three  plate  clutch  and  explain  its  action. 

A.  Two  forms  of  three  plate  clutches  are  in  general  use;  that 
outlined  at  Fig.  147  uses  a  large  number  of  small  springs  to  produce 
the  pressure  required  to  keep  the  parts  in  contact,  while  the  form 


Fig.  147.— Principal  Parts  of  Knox  Three-Plate  Clutch. 

depicted  at  Fig.  148  utilizes  one  main  spring.  A  three  plate  clutch 
is  so  called  because  the  central  driven  member  serving  to  drive  the 
clutch  shaft  connected  to  the  gearset  is  sandwiched  in  between 
driving  plates  carried  by  the  flywheel.  In  the  Knox  clutch  shown  at 
Fig.  147  the  clamping  pressure  to  keep  the  driving  plates  in  firm 
contact  with  the  driven  plate  is  obtained  from  a  series  of  clutch 
springs  carried  near  the  flywheel  rim.  As  the  total  pressure  exerted 
by  these  springs  is  somewhere  in  the  neighborhood  of  a  thousand 
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Fig.  148.— Showing  Construction  of  Three-Plate  Clutch  in  Which 
Spring  Pressure  is  Augmented  hy  Levers  to  Increase  Adhesion 
Between  Clutch  Members. 

pounds  it  is  necessary  to  provide  some  form  of  leverage  so  the  inner 
and  outer  driving  jilates  may  be  separated  without  undue  exertion 
on  the  part  of  the  operator.  As  will  be  evident  in  the  clutch  shown 
at  Fig.  147  any-pressure  exerted  against  the  long  arms  of  the  levers 
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will  be  multiplied  many  times  and  comparatively  little  effort  is 
needed  on  the  part  of  the  operator  to  push  the  levers  in  toward  the 
flywheel  and  transfer  the  multiplied  pressure  through  the  pins 
which  extend  through  the  outer  driving  plate  and  into  the  inner 
driving  plate  to  compress  the  springs  and  thus  relieve  the  driven 
plate  from  contact  with  either  of  the  driving  plates  between  which 
it  is  normally  held. 

In  the  clutch  outlined  at  Fig.  148  the  spring  pressure  is  made 
light  enough  so  that  it  may  be  compressed  without  difficulty  by  the 
operator  but  its  effective  pressure  or  that  brought  to  bear  against 
the  outer  driving  plate  is  multiplied  about  six  times.  In  this  clutch 
the  flywheel  web  is  faced  off  to  serve  as  one  driving  surface  and  a 
clutch  brake  is  provided  so  spinning  of  the  driven  plate  may  be  pre- 
vented when  the  clutch  release  collar  is  pushed  back  against  the 
revolving  disc  keyed  to  the  clutch  shaft.  Whereas  the  average 
spring  pressiu*e  of  a  cone  clutch  is  seldom  over  three  hundred  pound* 
that  of  a  three  plate  form  is  much  higher  as  greater  pressure  i» 
needed  to  hold  flat  surfaces  in  engagement  th^  is  required  to  drive 
through  a  male  and  female  cone  combination.  The  three  plate 
clutch  has  an  important  advantage  in  that  it  releases  positively 
and  will  engage  gradually.  Its  main  defect  is  that  it  requires  a 
large  diameter  driven  plate  which  brings  up  the  same  obiectioa 
offered  against  the  cone  clutch,  that  of  spinning,  which  however 
can  be  taken  care  of  in  the  same  manner. 

Q.     What  materials  are  used  in  three  plate  clutches? 

A.  The  two  driving  plates  which  are  carried  by  the  flywheel  are 
either  of  steel  or  cast  iron  with  smoothly  finished  surfaces  while 
the  driven  member  may  be  either  of  cast  iron  or  bronze  studded 
with  a  large  number  of  cork  inserts,  which  increase  the  frrctional 
adhesion  and  make  for  smooth  engagement.  Either  of  the  three 
plate  clutches  described  may  be  run  in  an  oil  bath  as  the  entire  clutch 
mechanism  is  fully  protected  by  the  casing  formed  in  the  flywheel 
interior  by  the  application  of  a  suitable  cover  bolted  to  the  flywheel 
rim.  In  the  Knox  clutch  the  flyivheel  cover  serves  as  one  of  the 
driving  members  but  in  that  at  Fig.  148  the  cover  is  a  separate 
member  serving  only  to  enclose  the  clutch  parts.  The  inset  at  A, 
Fig.  148,  shows  a  method  of  insuring  prompt  release  of  the  driven 
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plates,  by  means  of  small  coil  springs  which  are  placed  between 
the  two  driving  plates  and  which  serve  to  push  these  out  of  engage- 
ment with  the  driven  plate  as  soon  as  the  main  spring  pressure  is 
released. 

Q.     What  is  a  five  plate  clutch? 

A.     A  typical  five  plate  clutch  is  outlined  at  Fig.  149.     This  is 
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Fig.  149.— Simple  Form  of  Five-Plate  Clutch.    . 

practically  the  same  in  construction  and  operation  as  the  three  plate 
pattern  shown  at  Fig.  148  with  the  exception  that  two  driven  plates 
and  three  driving  plates  are  used.  A  five  plate  clutch  offers  more 
surface  than  a  three  plate  type  and  may  be  made  somewhat  smaller 
in  diameter  and  use  less  spring  pressure  if  employed  to  transmit 
the  same  power. 
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Fig.  150. — Sectional  View  of  Multiple  Disc  Clutch  Designed  to  Run 
in  Oil. 
Q.     What  is  the  multiple  disc  clutch? 

A.  Multiple  disc  clutches,  one  of  which  is  shown  in  section  at 
Y\%.  150  and  another  form  with  all  parts  disconnected  to  show  the 
wrangcment  at  Fig.  151,  is  a  plate  clutch  in  which  small  diameter 
discs  are  employed  instead  of  the  larger  diameter  plates  used  in  the 
three  and  five  plate  forms.  In  general  principle  of  operation  the 
multiple  disc  is  similar  to  the  other  plate  forms  and  the  reduction 
in  diameter  is  compensated  for  by  using  a  larger  number  of  surfaces 
in  contact.  A  series  of  driving  plates  are  carried  by  and  turn  with 
a  casing  member  attached  to  the  flywheel,  while  a  slightly  smaller 
number  of  driven  plates  are  carried  by  a  central  member  which  is 
independent  of  the  flywheel  when  the  clutch  is  released  and  which 
»  joined  to  the  gearset  drive  shaft.     The  discs  are  kept  in  contact 
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by  pressure  of  a  coil  spring  against  a  pressure  plate,  which  presseB 
agMQSt  the  outer  driving  plate  and  holds  the  entire  disc  assembly 
into  firm  engf^ement.  Obviously  as  long  as  the  discs  arc  held  to- 
gether the  engine  power  must  be  transmitted  from  the  clutch  case 
attached  to  the  flywheel  through  the  disc  assembly  to  the -central 
member  carrying  the  driven  plate  and  attached  to  the  gearset 
drive  shaft.  To  release  the  multiple  disc  clutch  the  spring  is  com- 
pressed enough  to  allow  the  driven  plates  to  turn  freely  between 
the  driving  plates. 


Pig.  151.— Multiple  Disc  Clutch  Parts  Shown  in  the  Order  They  are 
Removed  from  Flywheel  in  Taking  Down  Assembly. 

Q.     How  many  tjfpes  of  multiple  disc  clutch  are  used. 

A.  Multiple  disc  clutches  may  be  of  the  all  metal  disc  type, 
which  are  designed  to  run  in  a  bath  of  lubricant,  or  of  the  dry  plate 
pattern  where  one  set  of  plates,  usually  the  driven  members,  are 
faced  with  some  material  designed  to  have  greater  frictional  qual- 
ities than  metal  surfaces  when  run  without  lubrication.  One  form 
of  multiple  disc  clutch,  that  shown  at  Fig.  152,  differs  from  the  con- 
ventional form  in  that  the  clutch  discs  are  stamped  out  so  the  sur- 
faces in  contact  are  in  the  form  of  a  cone.  In  general  construction 
this  clutch  follows  conventional  design. 
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Fig.  152. — Sectional   View  of  Hele-Shaw  Multiple   Disc   Clutch  and 
Efficient  English  Design. 

Q.    Describe  advantages  of  multiple  disc  clutches. 

A,  The  most  important  advantage  of  a  multiple  disc  clutch  is 
that  it  is  small  and  compact,  and  its  construction  such  that  very  grad- 
ual engagement  is  attained.  Owing  to  the  large  number  of  friction 
surfaces  and  the  presence  of  a  film  of  oil  between  each  pair  of  sur- 
faces it  is  practically  impossible  for  a  clutch  of  this  pattern  to  eii> 
gage  harshly,  as  the  spring  pressure  must  first  squeeze  out  the  film 
of  oil  between  each  pair  of  plates  before  the  friction  adhesion  Ib 
great  enough  to  drive  positively.  Owing  to  the  small  size  and  rel- 
atively light  weight  of  the  driven  plate  assembly  this  is  not  liable 
to  spin  as  is  the  heavier  cone  or  three  plate  clutches,  but  to  offset 
this  advantage  there  is  a  liability  of  dragging,  due  to  the  adhesive 
properties  of  the  oil  film  present  between  the  plates. 
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Q.    What  materials  arc  used  in  multiple  disc  clutches? 

A.  The  discs  of  multiple  diac  clutches  designed  to  operate  in 
an  oil  bath  are  usually  thin  stampings  from  saw  steel  sheets  which 
are  hardened  and  ground  to  a  true  surface.  In  some  clutches  the 
plates  are  all  steel  and  in  other  forms  the  driving  members  are  of 
steel  while  the  driven  plates  are  stamped  from  phosphor  bronze 
sheets.  In  dry  plate  clutches  the  driven  plates,  which  are  faced 
with  Raybestos  or  other  suitable  friction  material,  are  steel  stamp- 
ings while  the  driving  plates  may  be  either  steel  stampings  or  cast 
iron  plates.  In  some  dry  plate  forms  the  driving  members  are  cast 
iron  while  the  driven  plates  are  of  bronze  studded  with  cork  inserts. 


'  Q.     What  15  a  positive  clutch? 
A.     The  forms  of  clutches  in  which  projecting  members  fit  into 
depressions  in  the  coacting  part  and  which  act  as  positive  mechu^ 
ical  locks  are  termed  "positive  clutches." 

Q.     Are  positive  clutches  ever  used  alope? 
.  A.     Positive  clutches  are  always  used  in  connection  with  a  master 
clutch  of  the  friction  type  because  they  would  be  much  too  harsh 
in  action  and  impose  considerable  strain  on  the  power  plant  and 
transmission  parjta  if  used  alone. 
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Q.  What  types  of  band  clutches  have  been  used  and  how  do 
they  operate? 

A.  Band  clutches  have  been  made  in  two  forms,  the  internal 
expanding  and  external  constricting  types.  The  former  is  seldom 
used  at  the  present  time  because  it  is  a  very  difficult  type  to  balance 
properly  and  to  keep  in  proper  adjustment.  The  external  band 
form  outlined  at  Fig.  153  is  used  on  the  Haynes  car  and  it  consists 
of  a  metal  clutch  band  adapted  to  constrict  around  a  drive  ring 
attached  to  the  flywheel.  The  band  is  tightened  by  means  of  a 
constricting  lever  operated  by  a  cam  or  inclined  plane  member 
pressed  forward  by  a  coil  spring.  In  operation  the  external  band, 
which  is  attached  to  the  gearset  drive  shaft,  clamps  tightly  around 
the  drive  ring  while  the  internal  band  form  spreads  out  against  the 
internal  periphery  of  a  similar  drive  ring  integral  with  the  flywheel. 

Q.  What  are  the  essential  requirements  of  clutches  and 
which  type  meets  most  of  the  requirements? 

A.  A  clutch  must  be  simple  to  construct,  apply  and  operate 
and  it  must  be  capable  of  transmitting  the  maximum  engine  power 
in  a  positive  manner.  It  must  release  promptly  and  yet  it  should 
not  engage  too  harshly.  It  should  be  of  such  form  that  any  wear 
occurring  will  be  automatically  taken  up  audit  should  be  easy  to 
restore  the  frictional  materials  when  these  deteriorate.  Practic- 
ally all  of  these  requirements  are  met  by  the  friction  clutch  in  any 
of  its  forms  and  the  cone  form  owing  to  its  simplicity  and  strength 
of  parts  is  the  most  favored  of  all  clutch  types. 


LESSON  SIXTEEN 
THE  FRICTION  TRANSMISSION 

Q.     Why  is  change  speed  gearing  necessary  on  gasoline  auto- 
mobiles? 

A.  The  gasoline  engine  develops  power  in  direct  proportion  to 
its  speed  up  to  a  certain  point  and  it  will  slow  down  whenever  an 
overload  is  applied.  More  power  is  needed  to  climb  hills  than  is 
used  to  propel  the  car  on  the  level  and  if  the  gasoline  engine  was 
directly  attached  to  the  rear  wheel  with  a  definite  unvariable 
ratio  it  would  not  be  possible  to  climb  hills  unless  this  reduction 
of  speed  between  engine  shaft  and  rear  wheels  was  very  low.  When 
conditions  were  favorable,  such  as  when  the  resistance  to  motion 
was  slight,  as  on  smooth  level  highways,  the  low  reduction  provided 
would  be  too  slow  and  the  car  speed  would  be  limited  to  that  per- 
mitted by  the  gear  ratio.  At  the  other  hand  if  the  gear  ratio  was 
liighfir  to  permit  more  speed  under  favorable  conditions  it  would 
}ye  too  high  for  hill  climbing  or  propelling  the  car  over  rough  road 
i^urfaces.  In  order  to  enable  the  power  plant  to  develop  its  full 
pdwer  it  is  customary  to  provide  some  form  of  change  speed  gearing 
to  permit  of  altering  the  ratio  of  drive  betVeen  the  engine  and  the 
rear  wheels  to  suit  road  conditions.  The  usual  ratio  on  the  direct 
drive  or  highest  speed  varies  from  three  to  one  to  five  to  one  in 
pleasure  cars  and  may  go  as  high  as  ten  to  one  on  heavy  vehicles. 
This  means  that  the  engine  crankshaft  will  make  from  three  to  ten 
turns  while  the  rear  wheels  are  revolving  once.  As  a  gasoHne  en- 
gine is  not  reversible  it  is  customary  to  incorporate  gearing  that 
will  permit  of  reversing  the  car  motion  in  the  change  speed  gear  set. 

Q.     Why  are  electric  and  steam  automobiles  without  change 
speed  gearing? 

A.     It  has  been  previously  explained  that  steam  engines  or  elec- 
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trie  motors,  which  derive  their  power  from  stored  energy,  are  cap- 
able of  operating  at  an  overload  and  while  their  speed  of  rotation 
may  be  reduced  it  is  possible  to  obtain  the  rated  horse-power  by 
admitting  more  steam  to  the  cyhnder  or  more  current  from  the  stor- 
age battery  to  the  windings  of  the  motor.  Either  the  steam  engine 
or  the  electric  motor  is  capable  of  being  reversed;  by  changing  the 
direction  of  flow  of  the  energizing  agent  in  the  case  of  the  electric 
motor,  by  a  simple  shifting  of  valves  in  the  steam  en^ne.  This 
flexibility  of  steam  and  electric  power  enables  the  manufacturer 
of  these  cars  to  dispense  with  change  speed  or  reverse  gearing. 


P^A '                 ^B 

Q.  What  18  the  simplest  method  of  obtaining  speed  reduc- 
tion? 

A.  The  simplest  method  of  obtaining  speed  changes  and  one 
that  will  provide  a  large  range  of  speed  variations  is  by  using  fric- 
tion discs  or,  as  they  are  sometimes  called,  friction  gearing. 

Q.     What  is  friction  gearing? 

A.  Friction  gearing  in  its  simplest  form  consists  of  bringing  two 
wheels  into  frictional  contact  with  each  other  an4  holding  thera  in 
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contact  with  sufficient  pressure  so  the  driving  wheel  will  cause  the 
member  against  which  it  bears  to  rotate  as  well.  The  simplest 
form  of  friction  gear  is  the  face  friction  drive. 

Q.     Describe  parts  of  face  friction  gearing. 

A.  A  typical  face  friction  gear  that  has  given  good  results  in 
practice  is  shown  at  Fig.  154  and  all  parts  are  clearly  depicted  in 
the  illustration.  The  engine  drives  an  aluminum  face  driving 
member  with  its  face  at  right  angles  to  the  engine  crankshaft.  The 
driven  member  is  a  fiber  faced  wheel  carried  by  a  cross  shaft  which 
extends  across  the  frame  and  which  is  carried  in  suitable  bearings 
attached  to  the  frame  sides.  This  countershaft  carries  the  driv- 
ing sprocket  and  is  parallel  to  the  face  of  the  aluminum  driving 
member.  The  fiber  face  driven  wheel  can  be  moved  back  and  forth 
across  the  face  of  the  driving  member  by  suitable  leverage  connected 
with  the  control  handle.  The  direction  of  countershaft  rotation 
and  its  speed  relative  to  the  engine  crankshaft  is  determined  by  the 
position  of  the  fiber  face  driven  wheel  relative  to  the  center  of  the 
driving  member. 

Q.     How  is  clutching  effect  obtained? 

A.  The  aluminum  face  driving  member  is  capable  of  being 
brought  into  contact  with  the  driven  wheel  or  moved  away  from 
it  at  the  will  of  the  operator.  The  amount  of  pressure  between 
the  two  members  may  be  varied  by  a  pedal.  When  the  discs  are 
brought  into  contact  the  drive  is  taken  up  and  power  is  transmitted 
from  one  member  to  the  other  and  as  soon  as  the  discs  are  separated 
the  drive  will  be  interrupted.  The  operator  can  control  the  amount 
of  pressure  and  consequently  the  amount  of  drive  to  a  nicety  and 
consequently  a  gradual  power  application  may  be  obtained. 

Q.     How  is  the  car  reversed? 

A.  The  process  of  reversing  is  easily  accomplished  by  pushing 
the  fiber  face  driven  wheel  over  to  one  side  of  center  of  the  almninmn 
face  driving  member.  As  indicated  in  Fig.  154  the  driven  wheel 
is  placed  to  the  left  of  center,  which  is  a  position  giving  forward 
drive.  If  moved  toward  the  right  of  center  or  toward  the  driving 
chain  sprocket  the  countershaft  will  revolve  in  an  opposite  direc- 
tion to  the  way  it  rotates  when  the  driven  disc  is  in  forward  drive 
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position  and  as  a  result  the  direction  of  rotation  of  .the  rear  wheels 
would  be  reversed  and  the  car  would  be  driven  backward. 

Q.     How  are  speed  changes  effected? 

A.  The  aluminum  face  driving  member  and  the  fiber  face  driven 
wheel  contacting  with  it  are  practically  of  the  same  size  and  when 
the  driven  member  is  moved  to  its  extreme  position  at  the  left  of 
the  countershaft  that  member  is  turning  at  practically  the  same 
speed  as  the  engine  crankshaft.  As  the  fiber  face  driven  disc  is 
moved  toward. the  center  of  the  driving  member  the  speed  of  the 
countershaft  decreases  until  center  is  reached  where  the  shaft  will 
not  turn  in  either  direction.  The  nearer  the  center  of  the  disc  the 
fibre  faced  wheel  bears  the  greater  the  reduction  of  speed  between 
the  engine  crankshaft  and  the  countershaft.  Assume,  for  example, 
that  both  driving  and  driven  members  were  twenty-four  inches  in 
diameter.  If  the  driven  disc  is  brought  to  bear  against  the  alumi- 
num driving  member  at  a  point  two  inches  from  the  center  it  would 
be  just  as  though  a  four  inch  diameter  wheel  was  employed  to  turn 
one  twenty-four  inches  in  diameter.  The  result  would  be  that  the 
engine  shaft  would  turn  six  times  as  fast  as  the  countershaft  If 
the  driven  disc  was  moved  so  it  contacted  with  a  point  on  the  driv- 
ing member  at  a  radius  of  four  inches  from  center  it  would  be  the 
dame  as  though  the  twenty-four  inch  driven  disc  was  turned  by  a 
wheel  eight  inches  in  diameter  and  the  coimtershaft  would  turn  at 
one-third  the  speed  of  the  engine  crankshaft. 

Q.     What  material  is  used  for  the  driving  member? 

A.     The  driving  member  is  usually  a  cast  iron  flywheel,  which  is 
faced  with  an  aluminum  alloy  or  copper-aluminum  alloy  plate  ' 
attached  to  the  driving  member  casting  by  means  of  countersunk 
head  machine  screws. 

Q.     What  material  is  used  for  the  driven  member? 

A.  The  driven  member  is  usually  a  cast  iron  wheel  provided 
with  flanges  between  which  a  ring  of  straw  board  fiber  is  clamped, 
the  metal  portions  of  the  wheel  serving  merely  as  a  carrier  for  the 
fiber  driving  ring.  Experiments  have  demonstrated  that  the  com- 
bination, of  aluminum  and  strawboard  fiber  has  a  higher  coeflScient 
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of  friction  or  greater  adhesion  and  endurance  than  any  other  com- 
mon materials. 

Q.     How  long  does  a  friction  fiber  ring  last? 

A.  The  life  of  a  friction  fiber  ring  depends  upon  the  amount  of 
pressure  with  which  the  driving  and  driven  members  are  kept  in 
contact.  Under  average  conditions  a  fiber  ring  will  last  several 
thousand  miles,  but  as  they  are  cheap  and  easily  renewed  their 
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Fig.  155. — Friction  Drive  Set  Utilizing  Double  Disc  Principle. 

replacement  is  not  considered  a  disadvantage  of  sufficient  moment 
to  condemn  that  form  of  drive. 

Q.     What  are  the  limitations  of  friction  gearing? 

A.  As  a  rule,  friction  gearing  will  not  transmit  power  as  effi- 
ciently or  as  posftively  as  the  geared  transmission  on  account  of 
the  loss  of  power  due  to  slipping  between  the  discs.  The  friction 
disc  type  of  transmission  is  not  suitable  for  transmitting  large  power 
unless  it  is  made  very  bulky  and  experience  has  demonstrated  that 
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it  is  not  as  reliable  for  general  application  as  toothed  forms  of 
gears. 

Q.     What  advantages  does  friction  gearing  offer? 

A.  Friction  gearing  offers  important  advant^es  in  that  it  is 
easily  operated  by  the  novice,  is  simple  in  construction  and  not 
liable  to  injury  by  careless  operation.  The  face  friction  type  offers 
an  infinite  number  of  drive  ratios  and  may  be  so  constructed  as  to 
give  just  as  many  ratios  in  one  direction  as  in  the  other.    As  speed 
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Fig.  156. — Friction  Driving  Gearing  of  Bevel  Face  Type  Giving  Two 
Speeds  Forward  and  a  Reverse  Ratio. 

chan^ng  and  clutching  functions  are  combined  in  one  device,  the 
principles  of  operation  may  be  easily  understood  by  people  with' 
out  previous  mechanical  experience. 

Q.  How  can  friction  gearing  be  used  for  tr'ansnutting  large 
amounts  of  power? 

A.     Friction  gears  have  been  devised  that  are  capable  of  trans- 
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mitting  more  power  than  the  simple  face  friction  gearing  previously 
described  by  using  more  discs  in  order  to  obtain  a  greater  driving 
surface.  The  form  shown  at  Fig.  155  utilizes  two  driving  discs 
A  and  B  driven  by  the  engine  and  two  driven  discs  A  and  B  attached 
to  a  countershaft  divided  in  the  center  and  supported  by  a  bearing 
so  that  it  virtually  becoiies  two  coimtershafts.  Driven  disc  A 
which  contacts  with  the  driving  disc  A  only  turns  sprocket  A  while 
driven  disc  B  contacts  with  driving  disc  B  only  and  drives  sprocket 
B.  The  various  speed  ratios  are  obtained  by  moving  the  driven 
discs  simultaneously,  the  principle  of  speed  reduction  being  the 
same  as  with  simple  face  gearing.  Reverse  motion  is  provided  by 
auxiliary  gearing. 

The  friction  gearing  shown  at  Fig.  156  is  a  form  which  uses 
beveled  driving  and  driven  members  but  this  method  of  construc- 
tion does  not  provide  an  infinitely  variable  number  of  speed  re- 
ductions. The  form  shown  gives  only  two  forward  speeds  and  a 
reverse  motion.  Three  cones  are  mounted  on  the  driven  shaft, 
which  is  turned  by  the  engine,  each  of  these  being  actuated  by  in- 
dependent means  so  that  they  may  be  brought  into  action  with 
corresponding  faces  of  the  driven  wheels  A  and  B,  When  the  low 
speed  cone  is  brought  into  action  with  the  larger  beveled  face  the 
greatest  reduction  of  speed  is  obtained.  When  this  is  released 
from  contact  and  the  high  speed  cone  is  pushed  into  engagement 
with  the  small  diameter  beveled  faces  the  highest  ratio  of  drive  is 
provided.  The  reverse  cone  is  brought  in  contact  with  the  large 
diameter  bevel  surface  and  driven  wheels  A  and  B  reverse  the  direc- 
tion of  motion  of  the  drive  sprockets  which  transmit  power  to  the 
wheels  by  chain  connection.  It  will  be  observed  that  driven  wheel 
A  is  not  attached  to  the  sprocket  as  is  driven  wheel  B  but  that  the 
sprocket  is  turned  by  means  of  a  pair  of  spur  gears  which  reverse 
the  motion  of  driven  wheel  A  and  cause  both  sprockets  to  turn 
in  the  same  direction. 

Q.     Has  friction  drive  ever  been  applied  directly  to  rear  axle? 

A.  A  form  of  friction  drive  in  which  the  change  speed  and  driv- 
ing mechanism  has  been  applied  directly  to  a  rear  axle  is  shown  at 
Fig.  157.  The  driving  disc  A  in  this  case  is  the  fiber  faced  member 
and  slides  on  the  squared  shaft  H  which  is  driven  from  the  engine 
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by  the  usual  form  of  propeller  shaft.  The  driven  discs  B  and  C 
are  adapted  to  be  brought  out  of  engagement  with  the  driving 
member  A  by  means  of  the  actuating  collars  M  connected  to  a  suit* 
able  pedal.  The  driven  wheels  B  and  C  are  normally  kept  in  engage- 
ment with  the  driving  member  A  by  means  of  springs  surrounding 
the  axles  /  and  J  and  transmitting  their  pressure  through  ball 
thrust  bearings  against  the  hubs  of  the  driven  wheels  B  and  C 
Wheel  B  is  attached  to  axle  /  by  means  of  a  key  and  drives  the  spur 
pinion  D  which  meshes  with  the  spur  gear  E  attached  to  the  wheel 
hub  N  which  rotates  on  the  stationary  axle  K,  The  driven  wheel 
C  is  attached  to  axle  J  in  a  similar  manner  and  rotates  the  spur 
pinion  F  which  meshes  with  an  internal  spur  gear  G  attached  to 
the  hub  of  the  wheel  0.  This  wheel  revolves  on  the  fixed  axle  L. 
It  will  be  noted  that  driven  members  B  and  C  are  provided  with  a 
recess  at  their  center  and  when  the  wheel  A  is  moved  into  this  re- 
cess it  is  out  of  contact  with  the  driven  members  and  can  turn  with- 
out producing  movement  of  wheels  B  and  C  and  of  the  road  wheels 
N  and  0  to  which  they  are  connected.  In  this  case  the  higher  speed 
ratios  are  obtained  when  the  disc  or  driving  wheel  A  is  nearest  the 
center  of  the  effective  driving  face  of  B  and  C.  As  the  wheel  A  is 
moved  toward  the  outer  peripheries  of  the  driven  members  the 
speed  ratio  becomes  lower  on  account  of  the  difference  in  size  be- 
tween the  driving  wheel  A  and  the  diameter  of  the  circle  on  wheels 
B  and  C  with  which  it  contacts.  The  reason  that  an  internal  spur 
gear  drive  is  used  at  wheel  0  instead  of  the  external  spur  gear  ar- 
rangement used  to  turn  wheel  M  is  that  this  is  necessary  to  insure 
that  both  wheels  will  turn  in  the  same  direction,  on  account  of  the 
wheels  B  and  C  being  at  opposite  sides  of  the  driving  member  A» 
As  is  true  of  the  simple  form  of  face  friction  gearing  outlined  at  Fig. 
154  a  reverse  motion  may  be  obtained  by  moving  the  disc  A  along 
the  drive  shaft  H  to  the  other  side  of  center  of  the  driven  wheels 
B  and  C. 


LESSON  SEVENTEEN 

THE  INDIVIDUAL  CLUTCH  CHANGE  SPEED  GEAR 

Q.     What  is  an  individual  clutch  change  speed  gear? 

A.  An  individual  clutch  change  speed  gear  is  a  form  in  which 
the  various  changes  of  speed  are  eflfected  simultaneously  with  the 
engaging  of  some  form  of  clutch  that  brings  that  gear  ratio  into 
action. 

Q.     What  are  its  advantages? 

A.  In  most  forms  of  individual  clutch  gearsets  the  various 
gears  through  which  the  diflferent  speed  ratios  are  obtained  are  al- 
ways in  mesh  and  the  construction  is  such  that  it  is  not  possible  to 
injure  the  gear  teeth  when  changing  from  one  speed  to  another. 

Q.     What  are  the  principal  types  of  individual  clutch  gears? 

A.  There  are  two  main  forms  of  individual  clutch  gears,  the 
simplest  being  the  planetary  or  epicyclic  gear,  the  other  form  re- 
sembling a  sliding  gear  transmission  in  general  outline  and  arrange- 
ment of  parts  but  having  the  gears  always  in  mesh.  In  the  planet- 
ary system  the  speed  desired  is  obtained  by  manipulating  clutch 
bands,  a  diflferent  clutch  being  provided,  for  each  speed.  In  the 
positive  clutch  type  a  separate  jaw  clutch  is  provided  for  each 
speed  ratio  but  the  entire  gearset  is  controlled  by  a  master  clutch, 
which  is  common  to  all  speed  ratios,  as  it  serves  to  couple  the  en- 
gine and  gearset  shaft  together. 

Q.     What  is  the  planetary  gear  and  why  is  it  so  designated? 

A.  A  typical  planetary  gear  is  outlined  at  Fig.  158  and  it  is  so 
ca'led  because  the  change  speed  gears  revolve  around  a  center  gear 
attached  to  the  main  shaft,  the  motion  of  the  gearing  resembUng 
that  of  the  planets  around  the  sun.  In  the  form  outlined  the  gear 
Z),  which  is  attached  to  the  central  shaft,  is  termed  the  "sun"  gear 
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while  the  gear  assembly  comprised  of  members  B,  C  and  E  are 
termed  "planet"  gears. 

Q.     Describe  the  construction  of  a  typical  planetary  gearset. 

A  In  the  form  shown  at  Fig.  158,  the  shaft  K  is  attached  to 
the  flywheel  of  the  engine  by  means  of  the  flange  machined  inte- 
gral with  it.  This  serves  as  the  main  driving  member  for  the  gear- 
set  and  the  gear  D  and  the  high  speed  spider  which  carries  the  clutch 
plates  J  are  keyed  to  this  shaft  so  they  must  turn  with  it.  The 
change  speed  gearing  is  contained  In  a  casing  which  has  bushings 
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BO  that  it  can  turn  on  the  sleeves  to  which  the  sprocket  A-\  and  gear 
F  are  attached  and  these  sleeves  are  in  turn  provided  with  an  in- 
ternal bearing  so  they  may  revolve  independently  of  the  driving 
shaft  K  if  necessary.  The  planet  gears,  B,  C,  and  E  are  joined  to- 
gether to  form  an  assembly  which  turns  on  a  suitable  shaft  parallel 
to  the  shaft  tuid  spaced  on  a  circle  whose  radius  is  equal  to  the 
distance  between  the  centers  of  the  planet  gear  pin  ajid  the  main 
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shaft.  Gear  A  is  keyed  to  the  same  sleeve  to  which  the  drive  sprock-  ' 
et  A-l  is  attached,  while  gear  F  is  keyed  to  a  sleeve  to  which  the 
reverse  drum  is  fastened.  Suitable  clutch  plates  serve  to  establish 
connection  between  the  high  speed  clutch  plate  carrier  which  is 
keyed  to  the  engine  shaft  and  the  reverse  drum  to  which  gear  F 
is  secured.  Brake  bands  are  provided,  capable  of  arresting  motion 
of  either  the  low  speed  drum  which  also  acts  as  the  gear  casing  or 
the  reverse  drum  to  which  the  driven  direct  drive  clutch  plates  are 
attached.    These  bands  are  not  shown  in  the  illustration. 

To  obtain  a  low  speed  the  slow  speed  drum  is  kept  from  revolving 
by  clutching  it  and  the  drive  is  from  the  gearD  to  the  planet  gears  C 
which  turn  in  the  opposite  direction  and  from  the  gear  B  of  the 
planet  gear  assembly  to  the  gear  A  which  is  keyed  to  and  must 
turn  with  the  drive  sprocket  -4-1.  As  there  is  a  diflference  in  size 
between  gears  D  and  C,  gear  C  turns  slower  than  gear  Z),  and  aa 
gear  B  has  but  half  the  number  of  teeth  of  the  gear  A  the  sprocket 
A'l  is  turned  at  half  the  speed  of  gear  B  and  a  little  less  than  half 
the  speed  of  gear  D  and  in  the  same  direction.  If  the  reverse  drum 
is  kept  from  rotating  the  gear  F  attached  to  it  is  also  held  station- 
ary. The  result  is  that  the  gear  D  drives  the  gear  C  just  as  when 
the  slow  spe^d  drum  was  held,  but  as  gear  £  cannot  turn  without 
running  around  the  fixed  gear  F  the  motion  of  gear  A  which 
is  attached  to  the  sprocket  A-1  is  reverse  to  that  of  the  central 
shaft. 

If  the  two  brakes  or  clutches  are  held  out  of  contact  with  the 
slow  speed  and  reverse  drums  and  the  high  speed  clutch  plates  are 
pushed  together  by  the  action  of  the  clutch  dogs  and  toggle  the 
reverse  drum  is  firmly  locked  to  shaft  K.  As  gear  D  cannot  pro- 
duce movement  of  the  planetary  gear  assembly  B,  C  and  E  with- 
out causing  the  reverse  drum  to  rotate  the  entire  assembly  is  locked 
together  as  a  unit  and  the  sprocket  A-l  turns  at  the  same  speed  as 
the  shaft  K  and  in  the  same  direction. 

Obviously,  only  one  clutch  can  be  engaged  at  a  time.  When 
the  slow  speed  drum  is  held  from  rotation,  the  reverse  drum  must 
be  free  to  turn  and  vice  versa,  W  hen  the  high  speed  clutch  is  en- 
gaged both  slow  speed  and  reverse  drums  must  be  capable  of  turn- 
ing.   Another  form  of  planetary  gearset  has  received  some  appli- 
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cation  in  which  internal  spur  gears  are  used  and  a  separate  set  of 
pinions  employed  for  low  or  reverse  ratios. 

Q.  How  many  speeds  arc  provided  in  the  usual  form  of  plane- 
tary gear? 

A.  Planetary  gears,  as  a  rule,  have  two  forward  speeds  and  a 
reverse.  It  is  possible  to  make  a  planetary  gear  that  will  provide 
three  forward  speeds  but  these  are  usually  so  complicated  and  re- 
quire so  much  gearing  that  they  are  not  as  practical  as  the  less 
costly  sliding  gear  forms. 


Q.  Describe  action  of  slow  speed  gearing  when  an  internal 
gear  is  used  in  the  planetary  system. 

A,  In  order  to  show  clearly  the  method  of  operation  of  the  other 
form  of  planetary  gearing  a  section  through  the  slow  speed  gearset 
is  shown  at  Fig.  159.  In  this  the  main  driving  gear  A  is  keyed  to 
the  engine  shaft  extension  E  and  must  turn  with  it.  The  planetary 
pinions  C 'are;  carried  on  studs  attached  to  the  plate  D,  which  is 
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free  to  rotate  around  the  shaft  E.  The  internal  gear  B  is  in  mesh 
with  the  planetary  pinions  C  This  form  of  gear  assembly  can  be 
used  for  either  low  or  reverse  speed  depending  upon  whether  the 
plate  D  or  the  internal  gear  B  is  kept  from  rotating.  If  the  internal 
gear  B  is  kept  from  turning  the  drive  is  taken  from  the  plate  D. 
If  the  plate  D  is  kept  from  turning  the  driving  sprocket  is  attached 
to  internal  gear  B. 

Considering  first  the  action  of  this  assembly  to  provide  a  slow 
speed  ratio,  let  us  assume  that  the  internal  gear  B  is  provided  with 
a  brake  band  to  hold  it  stationary  and  the  plate  D  is  in  rigid  con- 
nection with  the  drive  sprocket  or  shaft  which  turns  the  rear  wheels. 
If  the  engine  shaft  E  is  turning  in  the  direction  of  the  arrow,  gear  A 
must  turn  in  the  same  direction.  If  the  internal  gear  B  is  kept  from 
rotating  the  planetary  pinions  C  must  not  only  turn  around  on  their 
supporting  stud  in  a  direction  opposite  to  that  of  the  drive  gear 
A  but  they  must  roll  around  the  internal  periphery  of  the  gear  B 
and  carry  the  disc  or  plate  D  forward  at  a  slower  speed  than  driving 
shaft  A  but  in  the  same  direction  as  indicated  by  arrow  F.  As  the 
drive  sprocket  is  attached  to  plate  B  it  turns  at  a  slower  speed  than 
the  engine  shaft  E. 

Q.     Describe  action  of  reverse  gearing. 

A.  In  order  to  obtain  a  reverse  motion  it  is  necessary  to  provide 
a  brake  band  for  plate  D  and  attach  the  driving  sprocket  to  inter- 
nal gear  B,  When  the  plate  D  is  kept  from  rotating  the  planetary 
pinions  C  turn  around  on  their  studs  and  rotate  the  internal  gear 
£  in  a  direction  opposite  to  engine  rotation,  as  indicated  by  the 
arrow  H,  and  at  a  slower  speed  than  that  of  the  drive  gear  A. 

Q.     How  is  direct  drive  obtained? 

A.  Direct  drive  is  obtained  with  any  form  of  planetary  gearset 
by  some  form  of  friction  clutch  which  is  adapted  to  lock  all  parts 
of  the  transmission  into  one  rigid  imit. 

Q.     How  does  the  gearset  act  when  on  direct  drive? 

A.  When  all  parts  of  the  planetary  gear  assembly  are  locked  to-* 
gether  the  gears  are  still  in  mesh  but  are  not  turning  and  the  revolv- 
ing mass  acts  as  a  flywheel  member. 
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Q.  What  is  the  operating  principle  of  the  individual  clutch 
gearset  with  master  clutch? 

A.  In  this  form  of  change  speed  gearing  two  shafts  are  provided, 
one  being  a  main  shaft  and  the  other  a  countershaft.  Suitable 
gears  are  attached  to  and  turn  with  the  countershaft,  these  mesh- 
ing with  corresponding  members  on  the  main  shaft  which  are 
normally  free  to  turn  unless  clutched  to  the  main  shaft  by  some 
form  of  positive  clutch.  A  typical  individual  clutch  gearset  is  shown 
at  Fig.  160  with  all  parts  clearly  outlined. 

Q.     What  types  of  clutches  are  used  in  the  gear  box? 

A.  The  clutches  employed  to  secure  the  loose  gears  to  the  main 
shaft  are  of  the  positive  jaw  type,  one  member  having  projecting 
teeth  designed  to  engage  with  the  depressions  in  female  member 
of  the  clutch.  The  master  clutch  is  of  the  friction  type  and  usually 
is  carried  with  the  flywheel.  Any  form  of  friction  clutch  previously 
described  may  be  used  as  a  master  clutch. 

Q.     Why  is  the  master  clutch  needed? 

A.  The  positive  types  of  clutches  are  obviously  harsh  in  action, 
i.  e.,  they  will  transmit  power  as  soon  as  engaged  and  if  these  were  used 
alone  there  would  be  considerable  strain  imposed  on  the  mechan- 
ism owing  to  the  sudden  starting  of  the  car  and  the  clutches  them- 
selves would  become  damaged  if  they  fail  to  engage  promptly. 
When  a  master  clutch  is  used  in  the  flywheel,  this  is  released  before 
the  positive  dutches  are  shifted  and  is  re-engaged  and  the  power 
applied  to  the  gearset  gradually  after  the  positive  clutch  has  been 
shifted. 

Q.  How  many  speeds  can  be  obtained  from  individual  clutch 
gearset? 

A.  Any  reasonable  number  of  speeds  may  be  provided  in  a 
gearset  of  the  individual  clutch  type  though  those  commonly  con- 
structed provide  either  three  or  four  forward  speeds  and  a  reverse 
ratio. 

Q.  Describe  construction  of  typical  individual  clutch  gearset 
and  name  important  parts. 

A.  In  the  individual  clutch  change  speed  gearing  shown  at  Fig. 
160  the  important  parts  are  the  casing,  the  main  shaft,  which  carries 
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two  double  end  clutches  and  two  loosely  revolving  members,  and  the 
countershaft  to  which  four  gears  are  secured.  Both  of  these  shafts 
are  carried  on  suitable  ball-bearings,  and  the  driving  end  of  the  main 
shaft  is  provided  with  a  bevel  drive  pinion  which  engages  with  a 
driven  gear  which  forms  part  of  a  countershaft  carried  as  part 
of  the  gearset.  The  main  shaft  is  made  in  two  pieces,  one  end  tel- 
escoping into  the  other.  The  power  of  the  engine  is  applied  to  the 
short  portion  of  the  main  shaft  or  sleeve  into  which  the  end  of  the 
longer  shaft  telescopes.  One  of  the  constant  mesh  gears  is  an  in- 
tegral part  of  the  sleeve.  This  gear  is  in  mesh  with  a  larger  member 
carried  by  the  countershaft. 

To  obtain  a  high  speed  or  direct  drive,  the  high  and  intermediate 
speed  sliding  clutch  is  pushed  forward  imtil  it  engages  with  the 
projecting  teeth  of  the  constant  mesh  drive  gear.  This  serves  to 
lock  the  two  portions  of  the  main  shaft  together  and  power  is  trans- 
mitted directly  from  the  constant  mesh  drive  gear  sleeve  which  is 
turned  by  the  engine  to  the  bevel  drive  pinion.  If,  however,  the 
high  and  intermediate  sliding  clutch  is  moved  toward  the  back  of 
the  gearset  in  such  a  way  that  it  locks  the  intermediate  gear  C  to 
the  shaft,  then  the  engine  power  is  transmitted  from  constant  mesh 
gear  H  to  countershaft  gear  B  and  from  intermediate  drive  gear  D 
to  the  driven  gear  on  the  main  shaft  with  which  gear  D  meshes. 
To  obtain  low  or  reverse  speed  the  other  sliding  clutch  is  moved  so 
that  low  speed  driven  gear  F  is  locked  to  the  main  shaft  for  the  slow 
speed  and  reverse  gear  H  is  locked  to  the  main  shaft  for  reverse 
motion. 

The  countershaft  turns  slower  than  the  drive  sleeve  of  which  the 
constant  mesh  drive  gear  A  forms  a  part  on  account  of  the  diflference 
in  size  between  gears  A  and  B.  When  the  intermediate  ratio  is  de- 
sired, practically  the  only  reduction  in  speed  between  the  engine 
and  the  drive  pinion  is  obtained  by  the  difference  in  size  between 
gears  A  and  B  because  gears  C  and  D  are  practically  the  same  dia- 
ameter.  On  low  speed  and  reverse  motion  there  is  a  reduction  in 
speed  because  gear  E  is  smaller  than  gear  F  and  gear  G  is  smaller 
than  gear  H,  On  the  direct  drive,  the  speed  of  the  bevel  drive 
pinion  and  the  engine  crankshaft  is  the  same.  On  the  inter- 
mediate ratio  there  is  one  reduction  in  speed  at  the  constant  mesh 
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gear.  On  the  low  and  reverse  speed,  there  are  two  reductions  in 
speed,  one  at  the  constant  mesh  gears  and  the  other  between  the 
driving  gear  on  the  countershaft  and  the  driven  gear  on  the  main 
shaft.  When  both  clutches  are  in  a  neutral  position  the  master 
clutch  may  be  engaged  without  driving  the  tranamission  main 
sh^t.  Before  either  sliding  clutch  member  is  engaged  it  is  neces- 
sary to  interrupt  the  engine  drive  by  means  of  the  master  clutch. 
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Fig.  161. — Sectional  View  of  Coventry  Silent  Chain  Individual  Gear 
Box  With  Chains  Removed  from  Gearing  to  Show  Arrangement 
of  Parts. 

Q.  Are  gears  the  only  speed  reducing  members  used  in  gear- 
sets  of  this  character? 

A.  Forms  of  individual  clutch  gear  boxes  have  been  devised 
abroad  where  silent  chains  are  used  to  connect  the  main  shaft  and 
countershaft  instead  of  having  gears  in  mesh.  A  gear  box  of  this 
character  with  the  ch^ns  removed  is  shown  at  Fig.  161,  The 
various  speeds  are  obtained  by  sliding  clutches,  just  as  in  the  pre- 
viously described  outfit,  the  only  exception  being  the  method  of 
obtaining  the  reverse  ratio. 
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Q.  How  is  the  reverse  drive  obtained  with  silent  chain  gear 
box? 

^  A.  Instead  of  using  a  sliding  positive  clutch  a  large  gear  is  slid 
into  mesh  with  a  small  gear  on  the  countershaft.  Where  chains 
are  used  both  shafts  turn  in  the  same  direction  and  the  use  of  a 
pair  of  gears  reverses  the  motion  of  the  main  shaft  relative  to  that 
of  the  countershaft  which  is  turning  in  the  same  direction  as  the 
constant  mesh  sprocket  driven  by  the  engine. 

Q.    What  are  the  advantages  of  the  silent. chain  gear  box? 

A.  It  is  contended  that  in  heavy  vehicle  service  such  as  motor 
truck  work  or  in  omnibuses  that  it  is  necessary  to  use  the  lower 
gear  ratios  a  large  part  of  the  time.  The  ordinary  forms  of  gear 
boxes  are  noisy  when  in  use  and  become  more  noisy  as  the  parts 
wear.  If  silent  chains  are  used  the  gearing  is  quieter  and  more  en- 
during than  the  conventional  form  of  spur  gear  construction. 


LESSON  EIGHTEEN 
ACTION  OF  SLIDING  GEAR  TRANSMISSION 

Q.     What  are  the  essential  parts  of  a  sliding  gearset? 

A.  The  sectional  view  of  gearset  outlined  at  Fig.  162  clearly 
shows  the  principal  parts  of  a  sliding  gearset  and  their  relatioa 
to  each  other.  Two  shafts  are  provided,  one  of  which  is  divided 
in  two  parts  and  is  called  the  main  shaft  or  transmission  shaft,  while 
the  other  shaft  is  a  solid  member  and  is  termed  the  *  ^countershaft." 
The  gears  on  the  countershaft  are  keyed  to  it  while  those  on  the 
main  shaft  are  adapted  to  be  moved  back  and  forth  by  shifting 
forks  carried  on  gear  shifting  shafts.  The  shafts  are  supported  on 
suitable  bearings  preferably  of  the  anti-fr  ction  type  and  the  entire 
assembly  is  housed  in  an  oil  tight  aluminum  casing. 

Q.  How  does  the  sliding  gearset  differ  from  the  individual 
clutch  type? 

A.  The  sliding  gearset  is  so  called  because  speed  changes 
are  effected  by  sliding  one  gear  into  engagement  with  a  cor- 
responding member  on  the  countershaft.  In  the  individual  clutch 
forms,  all  gears  are  always  in  mesh,  whereas  in  the  sliding  gear 
type  only  the  gears  that  are  used  in  transmitting  power  are  engaged. 
In  both  forms  of  transmission  there  is  one  pair  of  gears  that  are 
constantly  meshed  and  the  main  shaft  construction  is  just  the  same 
in  either  the  sliding  gear  or  individual  clutch  forms.  One  end  of 
the  main  shaft  proper  telescopes  into  a  member  which  carries  the 
constant  mesh  gear  and  to  which  the  clutch  shaft  is  attached.  In- 
stead of  shifting  the  clutches  as  in  the  individual  clutch  form  the 
gears  themselves  are  moved  along  the  keys  on  the  main  shaft. 

Q.     Name  the  two  main  types  of  sliding  gearsets. 

A.  Two  forms  of  sliding  gear  arrangements  have  received  gen- 
eral application  namely  the  progressive  system  in  which  one  shift- 

291 


Questions  and  Answers 


SccDud  ind  K.gli-Sp>rd 
'  SNis(G<>r 
Ctai  Shift  UA 


ing  member  serves  for  all  speeds  and  the  selective  system  where 
two  or  more  sliding  gear  members  are  used. 

Q.  Describe  construction  of  simple  three  speed  progressive 
sliding  change  speed  gearing. 

A.     A  typical  progressive  sliding  gear  assembly  is  outlined  ai 
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Fig.  163  and  the  arrangement  of  parts  is  clearly  shown.  In  general 
construction  it  is  the  same  as  all  sliding  gear  transmissions,  having 
a  main  shaft  which  telescopes  into  the  driving  member  to  which 
the  clutch  cone  is  attached.  One  common  shifting  member,  which 
is  composed  of  the  gears  K  and  /  and  the  positive  jaw  clutch  J,  is 
adapted  to  slide  along  the  main  shaft  from  one  end  to  the  other^ 
This  shifting  member  is  moved  by  a  gear  shift  lever  which  works 
on  the  segment  providing  five  positions  for  the  shift  lever.  Each 
of  these  positions  is  indicated  by  a  notch  cut  into  the  guide  segment 
and  a  simple  form  of  locking  member  is  employed  to  hold  the  lever 
in  position  in  any  one  of  the  desired  speed  ratios.  A  transmission 
of  this  form  is  called  "progressive"  because  the  various  speeds  must 
be  obtained  in  a  constant  unchanged  ratio.  For  instance,  if  one  is 
in  the  neutral  position  indicated  and  it  is  desired  to  go  into  the 
high  speed,  it  is  necessary  to  first  pass  through  the  intermediate 
ratio,  before  one  can  engage  the  high  speed  clutch.  If  one  is  in  the 
reverse  position  and  wishes  to  go  to  the  high  speed,  the  hand  lever 
must  be  shifted  through  the  slow  speed  and  intermediate  gears, 
progresnvely  before  the  direct  drive  is  obtained. 

Q.     Outline  method  of  obtaining  low  speed. 

A.  The  low  speed  ratio  is  obtained  by  moving  the  hand  lever 
back  into  a  notch  on  the  segment,  which  moves  the  bell  crank  and 
pushes  the  sUding  member  along  the  squared  main  shaft  until 
gear  K  of  the  sliding  member  engages  gear  F  on  the  countershaft. 
As  previously  stated  the  member  of  which  gear  A  forms  a  part  is. 
normally  independent  of  the  squared  main  shaft  and  drives  the 
countershaft  through  the  medium  of  the  gear  B.  There  is  a  dififer- 
ence  in  size  between  the  constant  mesh  gears  and  the  countershaft 
turns  slower  than  the  gear  member  A,  The  power  applied  to  the 
countershaft  is  transmitted  back  to  the  squared  portion  of  the 
main  shaft  to  which  the  universal  driving  joint  is  attached,  by  the 
small  gear  F  which  is  one-half  the  diameter  of  gear  K  so  that  there 
is  a  reduction  in  speed  of  about  four  to  one,  meaning  that  the  clutch 
cone  will  revolve  four  times  to  one  revolution  of  the  universal  joint. 

Q.    Describe  action  when  on  intermediate  speed. 

A.     To  obtain  an  intermediate  ratio  the  gear  shift  lever  is  moved 
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from  the  neutral  notch  of  the  segment  indicated  at  Fig.  163  to  the 
intermediate  notch  on  the  segment.  This  pushes  the  sliding  mem- 
ber forward  so  that  the  gear  /  on  the  main  shaft  engages  the  gear  E 
which  is  the  same  size,  on  the  countershaft.  As  before,  the  drive 
is  through  gear  A  to  gear  B,  wiiich  gives  the  countershaft  half  the 
speed  of  gear  A  and  then  from  gear  E  to  gear  /  on  the  main  shaft 
wh  eh  turns  that  member  at  the  same  speed  as  the  countershaft 
so  that  a  gear  ratio  of  two  to  one  is  obtained. 
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Q.    Describe  action  of  gearset  when  on  high  speed. 

A.  The  highest  speed  is  usually  a  direct  drive  obtained  by 
locking  the  two  members  comprising  the  main  shaft  assembly  to- 
gether by  a  positive  jaw  clutch  J  carried  on  the  face  of  the  gear  7. 
To  engage  this  clutch  it  is  necessary  to  push  the  hand  lever  into 
the  extreme  forward  notch  on  the  segment  which  moves  the  bell 
crank  so  that  teeth  J  fit  into  the  corresponding  depressions  on  the 
face  of  gear  A.  As  the  main  shaft  is  practically  one-piece  the  drive 
is  direct  from  the  clutch  cone  to  the  universal  joint. 

Q.     Outline  method  of  obtaining  reverse  motion. 

A.  In  order  to  turn  the  universal  joint  at  tha  driving  end  in  a 
reverse  direction  to  that  of  the  clutch  cone  it  is  necessary  to  push 
gear  K  to  the  extreme  back  end  of  the,  gearset  where  it  meshes 
with  an  intermediate  pinion  H  carried  by  a  stud  on  the  gear  case 
instead  of  directly  with  member  G  on  the  countershaft.  The  mo- 
tion of  the  countershaft  D  is  always  reversed  to  that  of  the  main 
driving  member  A  though  the  motion  is  again  reversed  on 
any  of  the  forward  speed  ratios  so  that  the  squared  portion  of  the 
main  shaft  turns  in  the  same  direction  as  the  gear  A  though  at  a 
slower  speed.  By  the  interposition  of  the  intermediate  pinion  H 
which  meshes  with  the  countershaft  gear  G  the  motion  of  the  main 
shaft  is  made  to  correspond  to  that  of  the  countershaft  if  the  gear 
K  is  pushed  into  engagement  with  the  intermediate  pinion  H  and 
thus  the  universal  joint  is  turned  in  a  direction  opposite  to  that  of 
the  engine 

Q.    What  is  a  selective  gearset? 

A.  The  selective  form  of  gearset,  as  outlined  at  Fig.  162  and 
164,  is  practically  the  same  in  general  principles  of  operation  as  the 
progressive  system  except  that  two  or  more  shifting  members,  each 
operated  by  an  independent  rod,  are  employed  instead  of  the  one 
shifting  member  of  the  progressive  gearset.  One  gear  shift  lever 
is  employed  for  both  shifting  members  and  this  works  in  a  gate 
form  of  segment  so  the  lever  may  be  moved  in  or  out  to  engage 
either  shifting  member  as  desired.  As  the  shifting  member  may  be 
picked  out  by  merely  pushing  the  gear  shift  lever  into  the  proper 
slot  in  the  gate  plate  this  system  is  called  the  selective  system. 
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Fig.  164. — Defining  Arrangement  of  Parts  and  Method  of  Operating 
Sliding  Members  of  Three-Speed  Selective  Gearset. 

Q.     What  are  the  main  advantages  of  a  selective  gearset? 

A,  An  important  advantage  of  the  selective  system  of  gear 
shifting  is  that  a  more  compact  construction  la  possible  than  in 
the  progressive  system  and  gears  can  be  engaged  more  easily.    When 
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the  gearshift  lever  is  in  neutral  position,  one  can  go  directly  into 
any  desired  speed  ratio  without  passing  through  any  of  the  others 
if  desired.  This  enables  the  driver  to  select  the  speed  he  desires 
at  once.  For  example,  if  the  gearshift  lever  was  in  a  position  at 
the  back  end  of  the  inside  slot,  as  shown  at  Fig.  164,  the  low  and 
reverse  sliift  member  would  be  engaged  with  the  reverse  idler  gear. 
If  it  is  desired  to  pass  directly  into  the  high  speed  position  this 


Fig.  165— Part  Sectional  View  of  Three-Speed  Selective  Gearset 
Adapted  for  Use  in  Combination  With  Motor  to  Form  Unit 
Power  Plant, 
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could  he  ajccomplished  by  a  simple  movement  of  the  gear  shift 
lever  to  the  front  end  of  the  outside  slot  which  would  engage  the 
direct  drive  clutch.  With  a  progressive  gearset  it  would  be  .nec- 
essary to  pass  through  low  and  intermediate  ratios  before  the 
high  speed  clutch  could  be  engaged.  This  would  not  only  require 
an  appreciable  interval  of  time  but  would  also  produce  more  wear 
on  the  gears  comprising  the  shifting  member  which  would  be  often 
moved  through  one  or  more  speed  ratios  when  this  would  not  be 
necessary  with  the  ordinary  selective  system. 

Q.  How  many  speed  changes  are  provided  in  the  usual  se- 
lective gearset? 

A.  Selective  change  speed  gearing  used  on  light  and  med'um 
weight  cars,  such  as  depicted  in  halftone  at  Fig.  165  and  in  en- 
gineering drawing  at  Fig.  166,  provide  for  three  forward  speeds 
and  a  reverse  motion.  As  a  rule  the  highest  speed  is  obtained  by 
locking  both  members  comprising  the  main  shaft  assembly  to- 
gether. On  heavier,  more  powerful  cars,  a  gearset  such  as'  shown 
at  Fig.  167  and  providing  four  forward  speeds  and  a  reverse  motion 
is  often  supplied.  Four  speed  gearsets  may  be  of  two  patterns, 
the  form  outlined  having  the  highest  or  fourth  speed  on  the  direct 
drive  while  other  forms  have  the  direct  drive  on  the  third  speed. 

Q.  In  a  four  speed  gearset  with  direct  drive  on  the  third 
speed  how  is  the  highest  or  fourth  speed  obtained? 

A.  Where  the  direct  drive  lock  is  utilized  for  the  third  speed 
of  a  four  speed  gearset  the  highest  ratio  is  usually  through  gear- 
ing arranged  in  such  a  way  that  when  the  fourth  speed  is  engaged 
the  driving  end  of  the  gearset  will  turn  at  a  higher  speed  than 
the  engine  end. 

Q.     What  are  the  advantages  of  the  geared-up  fourth  speed? 

A.  In  a  four  speed  gear  box  having  direct  drive  on  the  third 
ratio  it  is  intended  that  all  normal  driving  will  be  on  the  third  speed 
which  provides  maximum  efficiency.  When  exceptionally  favor- 
able  conditions  are  present  and  it  is  desired  to  drive  the  car  at  a 
high  rate  of  speed,  the  geared-up  fourth  speed  may  be  brought  in- 
to action  for  the  short  time  it  is  possible  to  maintain  the  high  speed. 
The  direct  drive  position  permits  of  utilizing  a  lower  ratio  of  drive 
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Fig.  167. — Selective  Gearset  of  Locomobile  Design  Provides  Four,  For- 
ward Speeds  With  Direct  Drive  on  Fourth  Speed. 

at  the  rear  wheels  than  would  be  possible  if  the  direct  drive  lock  was 
depended  on  for  the  highest  speed  ratio. 

With  a  four  speed  gear  box  with  direct  drive  on  the  third,  one  can 
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do  more  driving  under  the  conditions  of  maximum  efficiency  than 
would  be  permissible  with  the  higher  gear  ratio  provided  when 
direct  drive  is  on  the  fourth  speed.  In  one  instance,  efficiency  is 
sacrificed  to  some  extent  on  the  highest  ratio  which  is  used  but 
25%  of  the  time  to  obtain  the  maximum  efficiency  on  the  speed 
ratio  that  is  used  over  50%  of  the  time.  With  the  direct  drive 
fourth  speed  the  third  speed  gears  are  often  used  and  considerable 
power  is  lost  through  the  gearing  which  would  be  conserved  if  the 
third  speed  was  a  direct  drive  instead  of  the  fourth. 

Q.     Where  is  the  gearset  usually  placed?  * 

A.    It  is  common  practice  to  p  ace  the  gearset  as  an  independ- 


ent unit  immediately  back  of  the  clutch  which  usually  forms  part, 
of  the  power  plant.  This  brings  the  change  speed  gearing  almost 
directly  under  the  floorboards  at  the  front  end  of  the  car. 

Q,     Name  other  methods  of  gearset  placing? 

A.  The  gearset  may  be  placed  as  a  unit  with  the  power  plant; 
at  the  front  end  of  the  torque  tube  of  the  rear  axle,  as  shown  at  Big. 
168,  as  part  of  a  jacl^  shaft  assembly  when  used  in  motor  trucks, 
as  at  Fig.  169,  or  attached  directly  to  the  rear  axle,  as  shown  at  Fig. 
170. 

Q.  What  are  the  advantages  of  unit  gearset  and  power  plant 
or  axle  assembly? 
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'  Fig.  170. — Gearset  Located  at  McCue  Rear  Axle. 


A.  The  important  advantage  of  combining  the  gearset  with 
either  the  power  plant  or  driving  member  or  the  rear  axle  driven 
member  is  that  the  parts  are  kept  in  absolute  alinement  because 
there  is  no  possibility  of  the  gearset  getting  out  of  line  with  the 

uikshaft  if  it  is  housed  in  a  part  of  the  motor  case  or  to  lose  its 
jinement  relative  to  the  driving  gearing  if  it  is  part  of  the  rear 
"■xle  or  countershaft  assembly. 


LESSON  NINETEEN 
METHODS  OF  DRIVE  TO  REAR  WHEELS 

Q.  Describe  common  methods  of  power  transmission  in  au- 
tomobiles. 

A.  The  power  of  the  engine  is  usually  transmitted  from  the 
speed  changing  mechanism  to  the  rear  wheels  by  some  method  of 
positive  drive  mechanism  which  may  be  bevel,  spur,  or  worm  gear- 
ing, or  sprocket  and  chains. 

Q.  What  is  the  influence  of  power  plant  location  on  method 
of  drive? 

A.  The  arrangement  of  the  power  plant  relative  to  the  rear  axle 
has  material  influence  on  the  method  of  drive  employed.  If  the 
engine  is  a  simple  form  with  the  crankshaft  at  right  angles  to  the 
frame  side  it  is  customary  to  drive  directly  from  a  simple  planetary 
gearing  on  the  crankshaft  to  a  live  axle  by  a  chain.  If  the  engine 
is  located  in  such  a  way  that  the  crankshaft  is  parallel  to  the  frame 
members,  then  a  shaft  is  employed  to  transmit  the  power  from  the 
gearset  directly  to  gearing  in  the  rear  axle  or  from  sprockets  on 
a  coimtershaft  to  similar  members  on  the  rear  wheels. 

Q.     What  is  the  influence  of  gear  ratio  on  final  drive? 

A.  When  low  gear  ratios  are  desired,  as  on  heavy  commercial 
cars,  it  is  necessary  to  use  either  a  double  reduction  drive  system 
or  worm  gearing,  if  a  single  reduction  is  employed. 

Q.  What  determines  the  speed  reduction  needed  between 
driving  and  driven  members? 

A.  The  ratio  of  rear  wheel  speed  relative  to  that  of  the  crank- 
shaft of  the  power  plant  depends  upon  the  amount  of  power  avail- 
able, the  maximum  speed  it  is  desired  to  attain,  and  the  weight  of 
the  vehicle.     On  high  powered  pleasure  cars,  where  high  speeds 
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I^g.  172.— Plan  View  of  Shaft-Drive  ChasuB  With  Enclosed  Drive  Shaft 
and  Gearset  Mounted  at  Front  End  of  Torque  Tube. 
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est  method  of  direct  drive  is  by  attaching  the  engine  direct  y 
to  the  rear  axle  and  driving  from  the  crankshaft  to  the  differ- 
ential case  by  a  pair  of  spur  gears.  This  method  is  used  only 
on  steam  carriages  at  the  present  time  and  on  some  forms  of 
electric  automobiles,  though  in  the  latter  application  compound 
gearing  is  generally  used  to  obtain  the  desired  low  ratio.  Another 
simple  driving  means  which  is  used  at  the  present  time  only  on  two 
or  three  makes  of  cars  employing  friction  transmissions  is  to  join 
the  transmission  shaft  directly  to  the  rear  axle  by  some  form  of 
driving  chain. 

Q.     Describe  method  of  direct  drive  ordinarily  used. 

A.  The  method  of  direct  drive  ordinarily  used  is  shown  at  Figs. 
171  and  172.  In  the  former  the  drive  shaft  which  transmits  power 
from  the  sliding  gearset  to  the  bevel  driving  gears  at  the  rear  axle 
is  provided  with  two  imiversal  joints,  one  at  each  end  and  is  exposed. 
The  driving  and  braking  strains  on  the  axle  are  resisted  by  a  pressed 
steel  member  extending  from  the  rear  axle  to  the  rear  frame  across 
member  that  supports  the  gearset.  At  Fig.  172  the  same  method 
of  drive  is  employed  except  that  but  one  universal  joint  is  used  and 
the  driving  shaft  is  enclosed  in  a  tubular  housing  that  also  serves 
as  a  torque  member. 

Q.  What  is  an  efficient  method  of  direct  drive  when  speed 
reduction  ratio  is  low? 

A.  A  worm  drive  assembly,  such  as  outUned  at  Fig.  173,  pro- 
vides a  very  satisfactory  method  of  drive  where  a  low  reduction 
ratio  is  desired  without  using  compound  gearing  or  a  double  reduc- 
tion. The  worm  has  a  tooth  angle  of  about  45  degrees  and  drives 
the  worm  wheel,  which  is  provided  with  angularly  disposed  teeth 
placed  around  its  circumference 

Q.  Name  parts  of  compound  drive  or  double  reduction  sys- 
tem generally  used. 

A.  Where  a  lower  gear  reduction  is  desired  than  is  possible  to 
obtain  by  the  use  of  a  direct  drive  connection  the  compound  drive 
as  shown  at  Fig.  174  is  utilized.  In  this  the  power  is  transmitted 
from  the  engine  to  a  countershaft  placed  across  the  frame;  the 
drive  from  engine  to  the  countershaft  is  by  means  o   bevel  gears 
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just  as  in  the  usual  'orm  of  live  axle.  In  fact,  the  average  counter- 
shaft assembly  is  practically  a  live  rear  a:de  with  sprockets  placed 
at  the  axle  ends  which  in  turn  transmit  the  power  to  rear  wheels 
revolving  independently  of  each  other  on  a  fixed  non-rotating  axle 
which  supports  the  car  weight.  One  reduction  ratio  is  obtained 
between  the  bevel  gears  of  the  countershaft  and  the  speed  is  still 
further  reduced  by  maliing  the  drive  sprockets  on  the  rear  wheels 
larger  in  diameter  than  those  on  the  countershaft.  The  racing 
chassis  at  Fig.  175  shows  the  method  of  using  side  chain  drive  with 
enclosed  chains  that  is  used  on  heavy  touring  cars  while  the  il- 
lustration Fig.  176  shows  the  usual  exposed  chain  employed  iu 
motor  trucks. 
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Q.  How  can  a  compound  drive  be  obtained  without  use  of 
chains? 

A.  Some  rear  axle  eonstmctiona  are  designed  to  use  two  sets 
of  gears  and  thus  a  compound  drive  is  possible  without  using  chains. 
For  example  the  drive  from  the  gearset  will  be  to  a  bevel  pinion 
which  engages  a  bevel  gear  mounted  on  a  short  countershaft  in- 
side of  the  rear  axle  housing,  and  this  countershaft  carries  a  small 
spur  pinion  which  engages  with  a  large  spur  gear  on  the  differential 
casing.  Other  forms  have  bevel  gear  drive  to  the  center  of  the 
axle  and  have  a  small  spur  pinion  at  the  end  of  each  live  axle  shaft 
iphieh  engages  a  large  internal  spur  gear  that  forms  part  of  the  brake 
drum.  In  this  method  of  construction  the  rear  axle  is  virtually 
two  members,  the  greater  part  of  the  car  weight  being  carried  on 


Fig.  175. — Side  View  of  Touring  Car  Chassis  Using  Chain  Drive. 

a  non-rotating  dead  axle  on  which  the  wheels  revolve  while  the 
power  transmission  is  through  an  auxiliary  live  axle  assembly  at- 
tached to  the  fixed  axle  and  used  only  to  transmit  power. 

Q.     What  are  the  common  forms  of  driving  chains? 

A.  The  chains  ordinarily  used  for  power  transmission  purposes 
are  the  block,  roller  and  silent  chains,  as  outlined  at  Fig.  177. 

Q.     What  is  chain  pitch?       - 

A.  The  pitch  of  a  chain  is  a  term  used  in  speaking  of  chain 
sizes  and  it  is  the  distance  between  the  center  of  one  tooth  space 
to  that  of  the  other  tooth  space  in  the  link  immediately  adjacent. 

Q.     What  is  the  difference  between  a  block  and  roller  chain? 
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A.  As  will  be  seen  by  reference  to  Fig,  177-A  the  block  chain  is 
composed  of  the  fewest  parts,  being  made  up  of  approximately 
B  shaped  blocks  joined  together  by  means  of  side  plates  or  links  of 
the  same  pattern,  the  links  being  held  together  by  through  rivets 
which  form  a  bearing  for  the  chain  blocks.  In  the  roller  chain  as 
outlined  at  B,  the  blocks  are  replaced  by  compound  members 
formed  of  two  side  plates  held  together  by  tubular  bushings  on  which 
hardened  steel  rollers  revolve,  in  addition  to  the  usual  link  and 
rivet.    The  advantage  of  the  roller  chain  is  that  it  rolls  over  the 


sprocket  with  less  friction  and  wear  than  a  block  chain  and  it  is 
used  to  the  entire  exclusion  of  the  simpler  form  in  automobile 
power  transmission  systems, 

Q.     What  is  a  silent  chain  and  how  is  silence  obtained? 

A.  The  silent  chain  is  the  form  in  which  toothed  links  are  em- 
ployed which  engage  with  suitable  depressions  in  the  sprocket 
which  is  directly  opposite  in  action  to  that  of  the  block  and  roller 


312 


Questions  and  Answers 


chains  id  which  the  sprocket  teeth  fit  openings  in  the  chiun.    In 

the  silent  chain  outlined  at  Fig.  177-C  the  individual  link  members 
are  practically  the  same  and  the  ch&in  is  made  up  of  a  large  number 
of  these  link  plates  held  together  by  side  plates  of  the  usual  pattern 
in  order  to  obt^n  greater  strength.  A  silent  chain  is  quieter  in 
action  than  either  a  block  or  roller  chain,  because  as  it  runs  over  the 
sprocket  the  tendency  of  the  downwardly  projecting  teeth  is  to 
entirely  fill  the  spaces  made  to  receive  them  in  the  sprockets  by 
spreading  apart  so  there  is  no  lost  motion  between  the  chain  and 
sprockets,  thus  noise  is  reduced  appreciably. 


.B/ocA 
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Q.     Why  is  enclosed  chain  drive  better  than  open  drive? 

A,  In  order  to  obtain  satisfactory  service  from  driving  chains 
it  is  necesswy  that  these  be  kept  well  lubricated  and  free  from 
dirt  or  grit  that  will  produce  wear  at  the  bearing  surfaces.  If  a 
driving  chfun  is  run  without  a  case  the  particles  of  dirt  and  grit 
that  adhere  to  the  links  not  only  absorb  the  lubricant  but  inter- 
pose an  item  of  friction  between  the  parts  of  the  chain  as  well  as 
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between  the  chain  and  the  sprockets  that  means  considerable  power 
loss.  While  it  is  possible  to  run  block  and  roller  chains  without 
casing  it  is  absolutely  necessary  to  protect  the  silent  chain  and 
keep  it  thoroughly  oiled  or  it  will  soon  depreciate.  The  life  of  an 
enclosed  chain  is  three  or  four  times  greater  than  that  of  an  unpro- 
tected chain  doing  the  same  work  and  it  will  be  quieter  in  operation 
on  account  of  the  coating  of  lubricant. 

Q.     What  are  the  advantages  of  gear  drive? 

A.  The  advantage  that  enclosed  bevel  or  worm  gear  drive  offers 
is  that  these  parts  are  maintained  at  a  point  of  high  efficiency  be- 
cause they  are  kept  from  the  dirt  and  are  always  properly  lubri- 
cated. The  efficiency  of  gearing  when  properly  meshed  and  kept 
clean  and  well  oilled  is  very  high  and  the  usual  arrangemeiit  of  the 
driving  gears  of  the  rear  axle  produces  a  compact  and  enduring 
mechanism. 

Q.     What  are  universal  joints  and  why  are  they  needed? 

A.  Universal  joints  are  flexible  driving  members  which  are  not 
so  flexible  as  to  fail  to  provide  a  positive  drive  between  shafts  that 
may  not  always  remain  in  proper  alinement.  Universal  joints  are 
needed  on  all  driving  shafts  transmitting  power  from  one  member 
carried  on  the  frame  to  the  gearing  at  the  rear  axle  because  the 
movement  of  the  rear  axle  is  independent  of  that  of  the  frame  which 
is  supported  by  resilient,  yielding  springs.  Without  universal  joints 
the  driving  shaft  would  be  subjected  to  much  strain  as  the  parts 
of  the  chassis  mounted  on  the  springs  would  move  at  a  different 
ratio  than  those  carried  directly  by  the  tires.  Most  open  propeller 
shafts  use  two  universal  joints,  while  enclosed  shafts  need  but 
one,  at  the  front  end. 

Q.  Compare  the  various  methods  of  final  drive  with  relation 
to  their  efficiency. 

A.  The  most  efficient  means  of  final  drive  is  by  worm  gearing 
which  is  said  to  have  an  efficiency  ranging  from  90  to  95%.  Single 
chain  drive  follows  with  an  efficiency  of  about  90%  when  new  and 
properly  oiled.  Then  bevel  gearing  follows  with  an  efficiency  of 
about  85%  while  the  various  forms  of  compound  gears  are  the 
least  eflicient,  the  power  loss  in  transmission  ranging  from  20% 
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in  a  combined  spur  and  beveled  gear  reduction  to  30  or  35%  with 
beveled  gear  and  side  chain  reduction. 

Q.  What  is  the  skew  bevel  gear  drive  and  what  are  its  ad- 
vantages? 

A.  The  skew  bevel  or  worm  bevel,  as  it  is  sometimes  called, 
differs  from  the  regular  form  of  bevel  gear  in  that  the  teeth  on 
pinion  and  ring  gear  are  cut  on  an  angle,  as  in  worm  gearing.  The 
construction  of  typical  skew  bevel  driving  gears  detached  from  the 
differential  casing  is  shown  in**  illustration  Fig,  177-a,  the  view 
at  the  left  being  of  the  gears  detached  from  the  differential  as- 
sembly while  that  at  the  right  shows  the  application  to  the  rear 
axle  used  on  Packard  motor  cars.  It  is  claimed  that  the  skew  bevel 
produces  increased  quietness  of  drive  as  backlash  or  looseness 
between  the  teeth,  which  is  a  common  cause  of  noisy  action  of 
conventional  bevel  gearing,  is  entirely  eliminated  by  the  angular 
teeth.  It  is  also  claimed  that"  whereas  ordinary  bevel  gearing  has 
a  straight  line  contact,  the  worm  bevel  with  its  curved  teeth 
has  one  set  of  teeth  constantly  meshing  while  the  next  set  is  becom- 
ing disengaged.  This  affords  a  continuous  contact,  in  some  degree 
the  same  as  accomplished  with  worm  gearing. 

Q.     Are  gasoline  automobiles  always  driven  by  the  rear  wheels  ? 

A.  Gasoline  automobiles  have  been  designed  where  the  drive 
is  through  all  four  wheels  which  combine  directive  and  tractive 
functions.  A*  side  elevation  of  the  new  Rambler  four  wheel  drive 
motor  truck  with  important  parts  depicted  is  clearly  shown  at 
Fig.  177-b.  In  this  the  power  is  obtained  by  the  regular  Rambler 
power  plant  driving  through  a  dry  disc  clutch  to  a  change  speed 
gear  of  special  construction  mounted  on  the  chassis  frame  about 
midway  between  the  front  and  rear  axles.  One  drive  shaft  extends 
from  the  front  end  to  the  front  axle  while  a  similar  member  transmits 
power  to  the  rear  axle  which  is  a  duplicate  of  that  used  at  the 
front  of  the  car. 

The  special  form  of  gear  box  necessary  is  outlined  at  Fig.  177-c. 
In  this  the  drive  is  through  gearing  at  all  speeds,  there  being  no 
direct  drive  clutch  as  is  true  of  conventional  gear  sets.  The  trans- 
mission provides  four  speeds  forward  and  a  reverse  and  in  ad- 
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dition  to  the  usual  countershaft  carried  below  the  main  shaft,  a 
quill  is  mounted  below  this  which  carries  a  differential  gear.  From 
this  differential  two  drive  shafts  provided  with  imiversal  joints 
transmit  the  power  to  two  auxiliary  differentials  located  on  the 
front  and  rear  axles  respectively.  The  differentials  on  the  axles  in 
turn  drive  the  wheels  and  as  the  wheels  are  movable  to  steer  the 
vehicle,  as  well  as  rotatable  to  drive  it,  it  is  apparent  that  the  final 
drive  shafts  which  transmit  power  to  the  wheels  must  have  uni- 
versal joints  to  compensate  for  wheel  movement  when  set  at  an 
angle  to  direct  the  vehicle. 

A  section  through  the  universal  joints  employed  at  the  wheels 
is  clearly  shown  at  B,  Fig.  177-c.  Here  it  will  be  seen  that  the 
universal  joint  is  a  regular  double  yoke  and  cross  type  enclosed 
in  a  housing  that  protects  it  from  the  dirt  and  grit  and  which  permits 
of  considerable  movement  of  the  drive  shaft  without  allowing  the 
lubricant  with  which  the  imiversal  joint  is  packed  to  escape. 
One  end  of  the  universal  joint  is  attached  to  the  drive  shaft  which 
runs  to  the  differential  on  the  axle  while  the  other  yoke  drives  a 
spur  pinion  which  is  well  supported  by  a  taper  roller  bearing  placed 
at  each  side.  This  spur  drive  pinion  engages  with  an  internal 
spur  gear  carried  withm  the  body  of  the  wheel  and  applies  the  power 
near  the  wheel  rim,  thereby  gaining  the  greatest  driving  leverage 
possible.  The  internal  gear  of  the  wheel  and  the  pinion  driving  it 
are  well  housed  to  exclude  grit  and  retain  lubricant  and  this  housing 
at  the  same  time  serves  as  a  brake  drum. 

The  wheels,  one  of  which  is  shown  at  Fig.  177-d,  are  interchange- 
able. The  two  drive  axles  with  their  universals  are  duplicates 
of  each  other  and  the  three  differential  gears,  consisting  of  that 
in  the  gear  box  and  those  on  the  axle,  are  all  alike.  The  differential 
is  a  special  Wayne  type  which  differs  from  the  common  construc- 
tion in  that  it  automatically  drives  the  wheel  which  has  the  greatest 
resistance  and  which  has  traction  and  this  feature  coupled  with 
the  use  of  four  driving  wheels  makes  it  possible  to  propel  the  truck 
if  any  one  of  the  four  wheels  has  traction.  It  is  claimed  that 
while  the  truck  has  120  inches  wheel  base  it  will  turn  in  a  circle 
of  twenty-two  feet  radius,  which  is  accomplished  by  the  four- 
wheel  steering  feature.    There  are  four  ample  brakes,  one  on  each 
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pig.  177-d.— Type  of  Wheel  Used  on  Rambler  Four  Wheel  Drive  Truck. 

wheel,  and  it  is  cla'med  that  either  set  of  two  brakes  is  sufficient 
to  hold  the  loaded  truck  on  a  30  per  cent  grade.  The  wheel  revolves 
on  taper  roller  bearings  carried  by  the  wheel  sp!ndle.  The  steering 
knuckle  is  a  special  form  of  the  inverted  Elliot  type  and  not  only 
-carries  the  wheel  spindle  but  the  frame  supjjorting  he  spur  drivin^,' 
pinion  as  wel .  The  loaded  front  axle  is  supported  by  a  taper  roller 
bearing  at  the  lower  end  of  the  steering  knuckle  which  makes  it 
possible  to  turn  the  wheel  with  minimum  exertion  on  the  part  of  the 
operator.  When  the  wheel  is  moved  by  the  steering  knuckle  the 
frame  carrying  the  spur  drive  pinion  turns  as  well,  but  owing  to  the 
universal  joint  the  drive  is  not  intc-'upted  and  the  wheels  are  all 
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driven  regardless  of  whether  they  are  n  a  straight  ahead  position 
or  at  an  angle  to  steer  the  car.  Other  vehicles  have  been  evolved 
and  applied  as  tractors  for  fire  department  service  where  the  drive 
is  through  the  front  wheels  only,  these  members  being  very  similar 
in  construction  to  the  form  described. 


Note. — For  further  information  relative  to  power  transmission  see  "  The  Modem 
Gasoline  Automobile."  By  Pag6. 


LESSON  TWENTY 

DIFFERENTIAL  GEAR  CONSTRUCTION  AND 

OPERATION 

Q.     What  is  a  differential  gear? 

A.  A  differential  gear  is  a  compensating  mechanism  interposed 
in  the  automobile  transmission  system  to  permit  the  traction  mem- 
bers or  driving  wheels  to  turn  at  different  speeds  when  describing 
curves. 

Q.    Is  a  compensating  arrangement  needed  on  a  wagon? 

A.  The  ordinary  forms  of  horse  drawn  vehicles  do  not  need  any 
compensating  arrangement  because  all  wheels  are  independent  of 
each  other  and  revolve  on  fixed  axles. 

Q.  What  would  be  the  result  if  no  diffei^ntial  gear  was  fitted 
to  a  four  wheel  automobile? 

A.  Without  a  differential  gear  the  ordinary  form  of  motor 
vehicle  would  be  difficult  to  handle  on  curves  and  all  parts  of  the 
driving  mechanism  as  well  as  the  tires  would  be  subjected  to  severe 
stresses  that  would  produce  rapid  depreciation. 

Q.     Where  is  the  differential  gear  carried? 

A.  The  ordinary  form  of  differential  or  compensating  gear 
may  be  incorporated  as  part  of  the  gear  set  where  this  member  is 
attached  to  the  countershaft;  as  part  of  a  countershaft  assembly, 
even  if  the  gearset  is  a  separate  imit,  and  as  a  part  of  a  rear  live 
axle  if  the  direct  drive  system  is  employed. 

Q.  Can  a  practical  automobile  be  made  without  a  differential 
gear? 

A.  The  only  method  by  which  a  practical  automobile  can  be 
constructed  and  dispense  with  a  differential  arrangement  is  to  use 
but  one  rear  driving  wheel  mounted  in  such  a  way  that  its  point 
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of  contact  with  the  ground  corresponds  to  the  apex  of  a  triangle^ 
the  base  line  of  which  is  the  distance  between  the  points  of  contact 
between  the  two  front  wheels  and  the  ground. 

Q.    Describe  construction  of  simplest  type  of  differential  gear. 

A.  The  parts  of  a  typical,  simple  differential  gear  are  clearly 
outlined  at  iig.  178.  The  gearing  is  carried  in  a  case  composed 
of  two  members  having  suitable  openings  between  the  halves  of 
the  case  to  carry  the  studs  on  which  the  bevel  pinions  revolve.  All 
gearing  is  mounted  inside  of  the  differential  casing,  and  as  a  rule 
the  assembly  is  composed  of  two  beveled  gears,  one  being  attached 
to  each  wheel  and  from  three  to  six  bevel  pinions  carried  by  the 
studs  secured  to  the  differential  case. 

^,     Outline  action  of  simple  differential  gear. 

A.  The  arrangement  of  the  gearing  is  such  that  when  the  re^ 
sistance  to  both  road  wheels  is  the  same  the  entire  differential 
assembly  rotates  as  a  unit,  though  as  soon  as  the  resistance  against 
one  of  the  traction  members  is  greater  than  that  against  the  other 
then  the  gearing  operates  to  permit  the  wheel  that  has  the  greatest 
resistance  to  turn  at  a  lower  rate  of  speed  than  the  other  member* 
When  the  resistance  is  the  same  against  rotation  of  both  wheels 
then  the  casing  revolves  at  the  speed  determined  by  the  driving 
gearing  and  the  bevel  pinions  remain  fixed  on  their  studs  so  that 
both  bevel  gears  attached  to  drive  axles  are  carried  around  at  the 
same  speed.  If  the  tendency  of  one  of  the  wheels  is  to  revolve 
slowly,  such  as  the  inner  wheel  does  when  turning  the  corner,  then 
the  differential  pinions  will  not  only  be  carried  forward  with  the 
differential  gear  case  but  these  will  revolve  on  their  studs  and  by 
running  over  the  face  of  the  bevel  gear  that  tends  to  revolve  slowly 
they  will  permit  a  difference  in  wheel  speed  without  interruption 
of  drive. 

Q.     Name  two  common  forms  of  differential  gear. 

A.  The  two  types  of  differential  gear  generally  used  are  outlined 
at  Fig.  179.  That  at  A  is  the  conventional  form  of  bevel  differ- 
ential in  which  the  compensating  gearing  is  composed  entirely  of 
bevel  gears  and  pinions.  The  form  shown  at  B  is  termed  a  "spur 
gear  differential"  because  all  gearing  is  of  the  spur  form.     The 
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action  13  practically  the  same  in  either  case,  each  driving  axle  being 
attaciied  to  one  of  the  large  gears  while  the  pinions  eng^ijing  with 
them  are  depended  on  to  obt^  the  differential  effect. 

Q.     Which  type  is  more  generally  used  and  why? 

A.  The  bevel  gear  form  of  differentia!  has  received  the  widest 
application  because  it  is  simplest  ih  design  and  the  gear  teeth  can 
be  more  substantial  and  stronger  than  the  corresponding  members 
in  a  spur  differential  assembly  of  equal  size. 

Q.  How  many  bevel  pinions 
are  used  and  why  is  it  better  to 
use  a  number  of  these  gears  ? 

A.  On  light  cars  a  three  bevel 
pinion  differential  assembly  is  all 
that  is  required,  but  on  heavier 
cars  from  four  to  six  pinions  are 
employed.  It  is  advisable  to  use 
a  large  number  of  gears  where 
the  work  is  severe  because  the 
work  on  any  one  pinion  is  less- 
ened as  the  number  of  pinions  is 
increased. 

Q.  Are  there  any  practical 
substitutes  for  the  differential 
gear? 

A.  Various  forms  of  ratchet 
andslipping  friction  mechanisms 
have  been  evolved  in  attempts  to  replace  the  differential  gear  but 
none  of  these  have  proven  commercially  practical.  Differential 
mechanism  compriaing  cranks  and  eccentric  arrangements  have  been 
tried  but  these  are  invariably  more  costly  and  cumbersome  than 
the  gear  forms. 

Q.  Where  ts  the  driving  sprocket  or  gear  attached  to  the  dif- 
ferential assembly? 

A.  The  driving  sprocket  or  gear,  when  this  is  a  separate  member, 
is  always  attached  to  the  case  which  carries  the  studs  on  which 
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Fig.  181.— Gearset  and  Differential  Assembly  of  Motor  Truck  Show- 
ing One  Method  of  Locking  Differential  Gearing  So  the  Differen- 
tial Assembly  Will  Turn  as  a  Unit. 

the  differential  pinions  revolve.  In  some  cases,  as  outlined  at  Fig. 
180,  where  a  worm  gear  is  used  for  driving  it  is  possible  to  carry 
the  compensating  pinions  on  studs  inserted  directly  in  the  interior 
of  the  gear  rim. 

Q.  Are  there  any  conditions  where  differential  gear  action 
is  not  desirable? 

A.  In  some  cases  the  differential  gear  action  proves  to  be  a  dis- 
advantage. For  example,  if  one  of  the  driving  wheels  b  in  mud 
■or  other  material  offerifig  but  little  traction,  and  the  other  wheel 
lis  on  dry  hard  road  surface,  there  will  be  so  great  a  difference  be- 
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tween  the  resistance  of  the  member  on  the  hard  surface  and  that 
in  the  mud  that  the  differential  gear  will  permit  the  member  on  the 
hard  surface  to  remain  absolutely  stationary  while  the  wheel  in 
the  mud  hole  revolves  at  a  high  rate  of  speed  without  producing 
movement  of  the  vehicle.  With  ordinary  forms  of  light  and  medium 
weight  pleasure  cars,  this  condition  is  not  so  apt  to  materialize 
as  with  heavier  vehicles. 


^ffinqGe-a 
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Q.  Is  there  any  way  to  put  the  differential  gear  out  of  action 
in  such  an  emergency? 

A.  Some  vehicles  are  provided  with  a  mechanism  for  locking: 
the  differential  gear  together  to  form  a  solid  unit  and  deliver  the- 
power  to  both  wheels  so  these  must  turn  in  unison.  A  constructioa 
of  this.kind  is  outlined  at  Fig.  181  where  it  is  mounted  as  a  part 
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of  the  countershaft  assembly  of  a  motor  truck.  The  locking  device 
is  very  simple,  consisting  of  a  jaw  or  clutch  member  keyed  to  and 
revolving  with  an  extension  of  the  differential  case.  On  the  drive 
shaft  extending  through  the  differential  member  is  mounted  a  slid- 
ing lock  member  which  is  keyed  to  the  shaft  so  that  it  must  turn 
with  it.  If  it  is  desired  to  put  the  differential  gear  out  of  action, 
as  might  be  desirable  if  one  of  the  driving  wheels  became  mired, 
the  sliding  lock  member  could  be  pushed  into  engagement  with 
the  fixed  member  on  the  continuation  of  the  differential  case  and 
the  differential  mechanism  would  then  revolve  as  a  solid  unit 
as  there  would  be  no  possibility  of  the  gears  working. 

Q.  What  types  of  vehicles  are  provided  with  differential 
lock? 

A.  Differential  locking  mechanism  is  usually  provided  only 
on  the  heavier  classes  of  self-propelled  vehicles,  such  as  motor 
trucks,  gasoline  road  rollers  and  agricultural  tractors. 


LESSON  TWENTY-ONE 
REAR  AXLE  TYPES 

« 

Q.    What  are  the  functions  of  the  conventional  rear  axle? 

A.  The  ordinary  automobile  rear  axle  must  not  only  support 
the  weight  of  the  rear  end  of  the  car  but  usually  carries  the  traction 
members  or  driving  wheels  and  the  brakes  or  retarding  elements. 

Q.    What  are  the  two  common  types  of  rear  axle? 

A.  Rear  axles  may  be  divided  into  two  general  classes,  termed 
"dead"  and  "live*'  constructions  respectively. 

Q.     Describe  the  construction  of  a  '"dead"  rear  axle. 

A.  This  form  of  axle  which  is  outlined  at  Fig.  183  is  practically 
the  same  in  general  construction  as  the  reaf  axle  used  on  horse 
drawn  vehicles.  It  is  composed  of  a  stationary  member,  either  of 
tubular  or  solid  section,  which  is  attached  to  the  springs  by  suitable 
spring  pads  or  chairs  and  which  is  provided  with  a  spindle  at  either 
end  on  which  the  wheels  revolve.  The  wheel  hubs  are  independent 
of  each  other  and  are  each  driven  by  direct  chain  connection  with 
a  sprocket  on  a  countershaft  member  carried  by  the  frame. 

Q.  On  what  types  of  vehicles  is  a  "dead"  axle  commonly 
used? 

A.  As  the  non-rotating  axle  construction  may  be  made  very 
strong  without  increasing  its  size  to  any  extent,  it  is  commonly 
applied  to  vehicles  intended  to  carry  heavy  loads  that  need  a  double 
reduction  drive; 

Q.  Where  is  the  differential  gear  mounted  when  a  "dead" 
rear  axle  is  employed? 

A.  The  differential  gear  must  be  used  in  connection  with  a  sta- 
tionary axle  but  it  is  usually  incorporated  in  the  countershaft  as- 
sembly carried  by  the  frame. 
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Q.  How  are  the  wheels  driven  when  mounted  on  a  stationary 
axle? 

A.  The  wheel  hubs  are  provided  with  sprockets  which  are  con- 
nected to  smaller  sprockets  carried  by  the  axle  shafts  of  the  counter- 
shaft assembly  by  means  of  chains  which  transmit  the  power  to  each 
rear  wheel. 

Q.     What  is  the  advantage  of  this  method  of  construction? 

A.  On  heavy  vehicles,  such  as  motor  trucks,  which  are  designed 
to  operate  on  solid  rubber  tires,  it  is  desirable  to  suspend  as  much 
of  the  mechanism  of  the  car  as  possible  from  the  frame  so  the  springs 
may  absorb  the  larger  portion  of  the  jarring  and  jolting  due  to  solid 
tires..  As  most  of  the  heavier  vehicles  are  designed  to  move  slowly 
it  is  necessary  to  employ  a  dout)le  reduction  system  so  the  differ- 
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Fig.  183. — Simple  Automobile  Rear  Axle  of  the  "Dead"  Type, 
ential  and  bevel  gear  drive  assembly  which  provides  the  first  speed 
reduction  is  part  of  the  countershaft  and  the  rear  axle  which  must 
be  strong  and  yet  relatively  light  is  called  upon  only  to  carry  the 
car  weight  and  not  to  transmit  any  of  the  ei^ine  power.  Another 
reduction  of  speed  is  possible  in  addition  to  that  obtained  at  the 
countershaft  by  making  the  driving  sprockets  smaller  than  the 
driven  members  carried  by  the  wheel  hubs.  Owing  to  the  use  of 
a  fixed  rear  axle  member  it  is  not  necessary  to  carry  any  of  the  more 
or  less  delicate  mechanism  forming  the  differential  and  drive  gear- 
ing as  part  of  the  axle  and  these  portions  of  the  drive  system  may  be 
carried  in  a  separate  assembly  attached  to  the  spring  supported 
frame  members. 

Q.     Describe  construction  of  simple  type  live  axle. 

A.     A  simple  live  axle  of  conventional  design  is  outlined  at  Fig. 
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Fig.  1S4.— "Live"  Automobile  Rear  Axle  of  Bevel  Gear  Drive  Type, 
184.  This  member  not  only  supports  the  weight  of  the  car,  but 
also  incorporates  the  power  transmission  and  differential  gearing. 
The  power  is  taken  from  the  gearset  through  a  drive  shaft  revolv- 
ing in  roller  bearings.  At  the  end  of  the  drive  shaft  a  bevel  pinion 
is  secured  which  meshes  with  a  bevel  or  ring  gear  carried  by  the 
differential  housing.  The  difTerential  assembly  is  also  supported 
on  roller  bearings  and  shafts  extend  from  the  differential  gears  to 
the  wheel  hubs.  All  the  rotating  parts  are  housed,  the  differential 
and  bevel  gear  assembly  being  moimted  in  a  housing  of  malleable 
iron  while  the  drive  shaft  and  axle  shafts  A  and  B  are  protected 
and  supported  by  a  tubular  axle  housing,  which  is  securely  attached 
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to  the  differential  housing  at  the  center  of  the  axle.  In  the  simplest 
form  of  live  axle  construction  the  axle  shafts  not  only  transmit 
the  power  from  the  differential  gears  to  the  hubs  but  are  called  upon 
to  carry  the  car  weight  at  the  rear  end  as  well.  This  form  of  con- 
struction is  suitable  only  for  light  and  medium  weight   cars. 

Q.     How  many  types  of  live  axle  are  used? 

A.  Live  axles  may  be  of  a  simple  form,  as  previously  described 
and  shown  at  Figs.  184  and  185,  or  they  may  be  of  a  semi-floating 
or  full  floating  construction.  The  simple  live  axle  shown  at  Fig. 
185  is  practically  the  same  in  construction  and  method  of  operation 
as  that  previously  outlined  with  the  exception  that  the  axle  shafts 
are  carried  on  annular  ball  bearings  instead  of  roller  bearings. 

Q.    What  is  the  "semi-floating"  axle? 

.A.  The  term  "semi-floating"  is  applied  to  those  forms  of  axles 
where  the  axle  shaft  is  depended  on  to  drive  the  wheels  as  well  as 
take  part  of  the  load  caused  by  thrust  reaction,  when  the  wheel 
skids  sideways.  An  axle  of  this  general  form  is  outlined  at  Fig.  186, 
and  it  will  be  noted  by  comparing  it  with  the  form  shown  at  184 
and  185  that  the  wheel  hub  is  carried  by  a  large  bearing  that  is 
mounted  on  the  drive  axle  housing  so  the  axle  shaft  that  is  fastened 
in  the  wheel  hub  is  not  called  upon  to  carry  any  of  the  car  weight. 
It  is,  however,  depended  on  to  steady  the  wheel  against  side  thrust. 
This  form  of  axle  construction  is  often  called  "the  one  bearing 
floating  axle"  because  for  all  practical  purposes  it  is  a  floating 
type  inasmuch  as  the  axle  shaft  may  be  withdrawn  from  the  inter- 
ior of  the  axle  housing  or  the  differential  assembly  removed  without 
relieving  the  wheels  of  the  car  weight. 

Q.     What  is  the  "full  floating  axle"  construction? 

A.  The  full  floating  rear  axle  construction,  which  is  depicted 
at  Figs.  187  and  188,  differs  from  the  preceding  form  inasmuch  as 
the  wheel  hub  is  carried  by  two  bearings  which  are  in  turn  supported 
by  the  fixed  housing  member  through  which  the  drive  axle  passes. 
The  driving  axle  is  a  floating  member  that  is  called  upon  only  to 
transmit  power  and  not  to  take  any  of  the  car  weight.  In  the  simple 
Hve  axle  forms  the  axle  shaft  revolves  in  bearings  carried  by  the 
interior  of  the  housing  and  as  the  wheels  are  secured  to  the  shafts 
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supporting  car  weight  these  are  subjected  to  much  more  strain 
than  Seating  shafts. 

In  the  true  floating  axle  the  drive  axles  m^  be  removed  by  tak- 
ing oS  a  hub  cap  and  pulling  out  the  shaft.  The  wheel  hub  is  not 
disturbed  and  the  differential  gear  may  be  removed  if  desired 
without  disturbing  the  wheels.  In  the  live  action  construction  of 
the  simple  form,  the  axle  shafts  can  be  taken  out  only  by  taking 
the  entire  axle  assembly  apart  as  outlined  at  Fig.  189.  This  means 
that  the  rear  end  of  the  car  must  be  jacked  up  and  the  axle  removed 
from  the  chassis  in  order  to  take  it  apart.  The  big  advantage  of 
the  floating  construction,  especi^ly  in  the  forms  shown  at  Fig. 


Fig.  186. — Typical  "Three-Quarter  Floating"  Rear  Axle  Having  Driv-  | 
ing  Wheels  Supported  by  One  Double  Row  Bearing  in  Each  , 
Wheel  Hub. 

186  and  188,  is  that  the  differential  and  drive  gear  assembly  may 
be  removed  for  inspection  or  adjustment  without  disturbing  the 
axle  housings  or  taldng  wheels  oR.  The  axle  shown  at  Fig.  187 
utilizes  double  row  ball  bearings  at  all  important  points  while  that 
outlined  at  Fig.  188  employs  single  row  ball  bearings  to  carry  the 
radial  or  direct  acting  loads  while  the  end  thrust  caused  by  the  bev- 
el drive  gears  is  taken  by  a  ball  thrust  bearing  used  in  combination 
with  a  single  row  at  the  ring  gear  side  of  the  differential  assembly. 

Q.     How  are  the  rear  wheels  driven  in  a  simple  live  axle? 

A.  The  rear  wheel  hubs  are  usually  provided  with  "key  ways 
which  engage  with  driving  keys  carried  by  the  live  axle  and  are 
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kept  from  coming  off  either  by  means  of  pins  passing  through  the 
hub  and  the  shaft  or  by  a  clamping  nut  which  forces  the  wheel 
tightly  on  the  taper  ead  of  the  live  axle  shaft. 

Q.     How  are  the  wheels  driven  in  a  semi-floating  axle? 

A.  The  wheels  of  a  semi-floating  axle  are  driven  by  squared  ends 
of  the  drive  shaits  which  are  a  tight  fit  in  a  fianged  member  securely 
bolted  to  the  wheel  hubs.  In  some  forms  of  axles  the  driving 
flange  is  formed  integrally  with  the  axle  shaft  and  is  securely  bolted 
to  the  hub. 

Q.    How  are  the  wheels  driven  in  a  fidl-floating  axle? 

A.     When  the  full-floating  construction  is  employed  the  live 


Fig.  187.— "Full-Floating"  Bevel  Gear  Drive  Axle  Having  Driving 
Wheels  Mounted  on  Two  Ball-Bearings  With  AU  the  Car  Weight 
Carried  on  the  Drive  Axle  Housing  Tubes. 

axle  shafts  carry  positive  driving  clutch  members  of  the  male  form 
which  engage  with  a  corresponding  female  member  forming  part 
of  the  wheel  hub.  The  axle  shaft  is  kept  from  working  out  by  means 
of  a  threaded  hub  cap,  as  shown  at  Fig.  188. 

Q.  What  is  a  combined  live  and  dead  axle  construction  7 
A,  Some  designers  endeavor  to  secure  the  advantages  of  the 
stationary  form  of  axle  and  yet  have  the  driving  gears  carried  by 
the  axle  by  using  a  combination  construction  in  which  a  non- 
rotating  member  serves  to  carry  the  car  weight  while  a  live  axle 
is  attached  to  the  fixed  member  and  carries  the  differential  gear 
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and  bevel  gears.  The  wheels  which  revolve  oq  the  fixed  axle  are 
driven  from  the  live  portion  by  means  of  spur  gears  engaging  cor- 
responding members  attached  to  the  wheel  hubs.  Such  a  conatru(^- 
tion  is  not  generally  used  because  most  engineers  contend  that  this 
places  too  much  unsprung  weight  on  the  rear  axle. 

Q.     What  is  a  double  reduction  live  axle? 

A.  A  double  reduction  axle  is  one  where  the  engine  power  is 
taken  by  compound  gearing  instead  of  the  simple  bevel  or  worm 
gearing  ordinarily  used.  For  example,  the  power  from  the  gear 
set  may  be  first  delivered  to  a  pair  of  bevel  gears,  the  driven  member 
of  which  is  carried  on  a  countershaft  which  also  carries  a  spur 
pinion  designed  to  mesh  with  a  large  spur  gear  on  the  differential 


Single  Row  Ball-Bearinga  at  Au 
case.  This  provides  two  speed  reductipns,  one  between  the  driv- 
ing gear  on  the  transmission  shaft  and  the  member  with  which  it 
engages  On  the  counter  and  a  further  reduction  m  speed  between 
the  other  two  driving  gears. 

Q.     What  is  a  two  speed  direct  drive  axle  and  what  are  its 
advantages  ? 

A.     This  is  an  axle  construction  of  recent  development  and  is 
called  the  two  speed  direct  drive  axle  because  in  place  of  a  single 
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bevel  pinion  and  ring  gear  used  in  the  ordinary  construction,  there 
are  two  bevel  pinions  and  two  ring  gears  attached  to  the  diifferential 
casing.  A  typical  assembly  of  this  nature  is  shown  at  Fig.  189-a. 
The  drive  pinion  B  is  integral  with  the  drive  shaft  and  always  re- 
volves with  it  while  the  larger  drive  pinion  A  only  revolves  with 
the  drive  shaft  when  the  sliding  clutch  A  is  engaged  with  the  cor- 
responding clutch  member  attached  to  the  pinion.  When  the  slid- 
ing clutch  A  is  shifted  into  position,  the  actuating  bell  crank  shifts 
another  sliding  clutch  attached  to  the  diifferential  gear  case  which 
releases  ring  gear  B  and  allows  the  engine  to  drive  the  differential 
casing  and  the  gearing  it  contains  through  the  medium  of  drive 
pinion  A  and  ring  gear  A. 

When  the  other  ratio  is  desired  the  positive  clutch  shifting  lever 
is  moved  so  that  it  brings  sliding  clutch  A  out  of  engagement  which 
causes  a  simultaneous  movement  of  sliding  clutch  B  so  that  ring 
gear  B  is  clutched  to  the  differential  casing.  It  will  be  apparent 
that  the  drive  is  through  only  one  set  of  gears  at  a  time,  the  set 
that  is  not  in  use  revolving  idly  on  suitable  bearings.  This  construc- 
tion affords  two  gear  ratios,  each  driving  direct  from  the  engine 
to  the  wheels  without  any  intermediate  gearing  other  than  the 
regular  driving   gears    ordinarily   employed  in  a  one  speed  axle. 

It  is  contended  that  no  one  single  gear  ratio  can  be  just  right 
for  all  vehicle  speeds  and  all  road  conditions.  The  usual  gear  ratio 
of  a  single  direct  drive  axle  ranges  from  3.5  to  1  to  4  to  1  according 
to  the  weight  and  power  of  the  car.  If  a  car  is  geared  low,  high  speeds 
can  only  be  obtained  by  racing  the  engine  but  its  hill  climbing 
abilities  on  the  high  are  excellent.  At  the  other  hand,  if  the  gear 
ratio  is  such  that  the  car  can  be  operated  at  high  speed  without 
racing  the  engine  it  will  be  a  poor  hill  climber  and  the  low  gears  will 
have  t.o  be  resorted  to  on  any  gradient  of  magnitude.  In  the  axle 
shown  there  are  two  gear  ratios,  one  of  which  is  low,  and  which  is 
especially  adapted  for  city  driving  where  starting,  stopping  and 
slowing  down  are  frequent  and  where  cautious  operation  is  neces- 
sary. When  conditions  are  more  favorable,  the  higher  direct  drive 
gearing  may  be  brought  in  action  and  higher  vehicle  speeds  are 
possible  without  a  corresponding  increase  of  engine  revolutions. 

For  example,  with  the  lower  direct  driving  gears  in  operation, 
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an  en^ne  speed  of  700  revolutions  per  minute  would  mean  a  car 
speed  of  approximately  20  miles  per  hour,  whereas  if  the  high 
direct  drive  gears  are  used  the  car  will  travel  approximately  30 
miles  per  hour  with  no  increase  in  engine  speed.  This  increase  in 
car  speed  without  a  corresponding  increase  in  crank  shaft  revolu- 
tions means  that  there  is  a  decrease  in  fuel  consumption  for  a  given 
mileage.  A  given  quantity  of  gas  is  utilized  to  greater  advantage 
and  produces  more  actual  power  at  the  rear  wheels  than  with  the 
engine  turning  over  more  rapidly  on  the  low  gear  ratio.  Friction 
and  wear  of  power  plant  and  transmission  gearing  is  also  materi- 
ally reduced  because  the  parts  are  operated  more  slowly.  When  a 
low  gear  ratio  is  employed  a  car  will  vibrate  very  much  at  high 
vehicle  speeds  on  account  of  the  great  speed  at  which  the  motor 
is  operating,  while  with  the  higher  ratios  there  is  comparative 
freedom  from  vibration  because  the  power  plant  is  not  operated 
at  excessive  speed. 
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LESSON.  TWENTY-TWO 
AUTOMOBILE  FRAMES  AND  SPRINGS 

Q.    What  is  the  function  of  the  frame? 

A.  The  frame  of  the  automobile  forms  the  basis  of  the  entire 
mechanism.  It  not  only  supports  the  power  plant,  change  speed 
gearing,  body  and  controlling  devices  but  also  serves  as  a  tie  member 
between  the  two  axles  and  carries  the  springs  by  which  these  mem- 
bers are  joined  to  the  frame. 

Q.    What  factors  determine  size  of  frame  to  be  used? 

A.  The  size  and  construction  of  the  frame  depend  entirely 
upon  the  class  of  vehicle  to  which  it  is  fitted.  Some  motor  cars 
require  frames  of  great  strength  and  light  weight  while  others  can 
use  heavy   frames. 

Q.    What  materials  are  used  in  frame  manufacture? 

A.  Automobile  frames  may  be  made  of  wood  or  metal,  or  com- 
binations of  these  materials.  When  metal  is  used  the  frame  members 
may  be  of  tubular  or  channel  section  steel,  of  iron  angles  or  channels, 
or  it  may  be  a  composite  structure  using  tubing  and  pressed  steel 
parts  in  combination.  The  two  typical  forms  of  metal  frames  with 
the  various  running  board  irons,  spring  supports,  etc.,  in  place 
are  outUned  at  Fig.  190.  That  at  A  is  used  in  pleasure  car  service 
while  the  form  at  £  is  a  heavier  construction  intended  for  commer- 
cial car  use. 

Q.     What  type  of  car  uses  frames  made  of  structural  steel? 

A.  Structural  steel  channels  in  standard  sizes  are  commonly 
used  in  heavy  commercial  vehicles. 

Q.     Describe  various  methods  of  using  wood. 

A.  The  frame  may  be  composed  of  wooden  beams  or  of  compo- 
site members  made  from  various  laminae  glued  and  screwed  to- 
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gether  or  of  lighter  wood  sections  reinforced  with  a  strip  of  iron 
or  steel  extending  the  full  length  of  the  piece. 

Q.    On  what  type  of  vehicles  are  armored  wood  frames  used? 

A.  Composite  frames  of  wood  and  metal  are  seldom  used  ex- 
cept on  heavy  vehicles  such  as  motor  trucks.  The  feature  of  this 
method  of .  construction  is  that  a  strong  and  yet  light  supporting 
member  is  employed,  the  strength  being  derived  from  the  steel 
reinforcing  plate.  The  wood  frame  does  not  transmit  vibration 
as  do  metal  frames  and  the  machinery  is  better  protected  from  the 
vibration  incidental  to  vehicle  operation  on  poor  highway  surfaces 
than  when  the  shock  transmitting  all  metal  frame  is  employed. 

Q.    What  are  the  features  of  laminated  wood  frames? 

A.  The  laminated  wood  frame  structure  is  one  that  possesses 
great  strength  without  being  heavy,  which  enables  this  type  of  frame 
to  be  employed  in  pleasure  car  use.  A  laminated  frame  is  not  liable 
to  warp  or  check  and  the  arrangement  of  the  various  pieces  compris- 
ing the  frame  is  such  that  the  arrangement  of  the  wood  fibers  makes 
for  great  strength.  When  wood  is  employed  as  frame  material 
ash  is  generally  used  because  of  its  superior  strength  and  lightness. 
A  laminated  wood  frame  is  said  to  be  stronger  than  a  pressed  steel 
frame  of  equal  weight,  and  as  the  wood  absorbs  instead  of  trans- 
mitting vibration  it  is  contended  by  those  favoring  wood  frame  con- 
struction that  the  machinery  is  better  protected  from  road  shock 
than  when  all  metal  frames  are  used. 

Q.  Why  is  pressed  steel  used  so  widely  in  automobile  frame 
construction? 

A.  Pressed  steel  has  received  general  application  in  automobile 
work  because  the  frame  side  and  cross  members  may  be  quickly 
and  economically  formed  into  shapes  that  would  not  be  possible 
with  any  other  material.  Side  members  may  be  cambered  or  up- 
swept which  would  not  be  possible  if  wood  is  used  and  a  frame  of 
superior  lightness  to  that  made  of  standard  structural  shapes  may 
be  evolved  by  the  designer.  Pressed  steel  frames  may  utilize 
members  best  adapted  to  support  the  various  parts,  which  enables 
the  designer  to  adapt  the  frame  to  the  components  to  be  supported 
rather  than  design  all  parts  to  fit  a  frame.    Pressed  steel  frames  are 
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light,  cheap   and  strong  if  properly  designed   and  are  especially 
adapted  to  quantity  production. 

Q.     What  are  the  advantages  of  upswept  side  members? 

A.  When  a  frame  is  upswept  at  the  rear,  as  shown  at  Fig.  190, 
it  is  possible  to  use  types  of  springs  that  have  great  flexibility  of 
movement  without  raising  the  center  of  gravity  of  the  car  to  a  point 
where  side  sways  might  become  dangerous.  A  frame  may  be  up- 
swept at  both  front  and  rear  ends  and  the  body  carried  closer  to  , 
the  ground  than  if  straight  frame  members  were  used  without 
sacrificing  ease  of  riding  and  ample  axle  and  spring  movement. 


Fig.  191.— Usual  Method  of  Frame  Support  in  Which  Weight  is  Car- 
ried by  Springs  Placed  Over  the  Axle. 

Q.  What  are  the  reasons  for  using  inswept  or  cambere4 
members? 

A.  Many  automobile  frame  side  members  are  cambered  or 
swept  in  at  a  point  approximately  below  the  dash  so  the  front  por- 
tion of  the  frame  is  narrower  than  the  other  parts.  The  object  of 
narrowing  a  frame  at  the  front  end  in  this  manner  is  to  provide  a 
greater  degree  of  front  wheel  movement  and  permit  a  car  to  turn  in 
smaller  circles  than  would  be  the  case  if  the  front  wheels  were  moved 
only  to  the  angular  limits  permitted  by  a  wide  frame.  Another 
advantage  of  the  cambered  member  is  that  it  permits  the  motor 
to  be  attached  directly  to  the  frame,  and  thus  eliminates  a  sub- 
frame  to  carry  the  power  plant. 
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Q.     Is  the  frame  always  carried  above  the  axles? 

A.  Automobile  frames  are  not  always  carried  above  the  axles 
aa  shown  at  Fig.  191  a^  in  some  cases  the  frame  may  be  miderslung 
or  carried  below  the  ^es,  as  shown  at  Fig.  192. 

Q.     What  are  the  advantages  of  the  underslung  frame? 

A.  Where  the  frame  is  carried  beneath  the  axles,  the  center  of 
gravity  is  brought  lower  and  it  is  possible  to  turn  corners  at  higher' 
speeds  than  with  cars  having  the  frame  carried  over  the  axles.  Ani 
advantage  of  havii^  a  smooth  underframe,  which  can  be  thoroughly, 
encased  with  a  dust  pan  and  present  a  smooth  outline,  is  that  less 
dust  is  created  and  that  the  vital  parts,  such  as  the  motor  flywheel, 
gearcase,  etc.,  are  protected  ag^nst  injury  should  the  wheels  sink 


into  a  mud  hole  or  in  a  deep  rut.  It  is  contended  also  that  the  un- 
derslung construction  provides  greater  accessibility  to  the  working 
units  of  the  power  plant  and  transmission.  Another  superiority 
of  the  underslung  frame  is  said  to  be  easy  riding,  because  side  sway 
is  largely  ehminated  by  suspending  the  frame  from  the  springs  in- 
stead of  "balancing  it  upon  the  springs.  As  the  center  of  gravity 
is  carried  lower  the  car  must  be  tipped  to  a  greater  ai^Ie  in  order 
to  overturn  it.  This  can  be  clearly  shown  by  drawings  at  Fig,  193, 
which  shows  a  test  made  to  obtain  the  relative  stability  of  the  over- 
slung  and  underslung  types.  A  block  and  tackle  equipment  was  em- 
ployed at  one  side  of  the  car,  so  that  two  wheels  could  be  raised  to 
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just  a  height  where  the  car  would  still  stand  poised  on  the  two  wheels 
on  which  it  rested. 

The  experiment  made  with  the  conventional  construction  out- 
lined at  A  demonstrated  that  when  the  car  was  tipped  so  that  a 
line  joining  the  bottoms  of  the  two  wheels  was  at  an  angle  of  43 
degrees  with  the  groimd  that  the  car  would  tip  over.  When  the 
same  experiment  was  tried  as  shown  at  B  with  an  underslung  car 
it  was  demonstrated  that  the  car  could  be  tipped  to  an  angle  of 
55  degrees  without  becoming  overbalanced.  These  tests  would  in- 
dicate that  there  is  a  considerably  greater  ^egree  of  safety  when 
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Fig.  193. — Comparison  to  Show  Relative  Stability  of  Two  Types  of 
Frame  Suspension.  A — ^Angle  at  Which  Overhung  Car  Ceases  to 
Be  in  Stable  Equilibrium.  B — ^Angle  to  Which  Underslung  Car 
May  Be  Tipped  Without  Danger  of  Overturning. 

the  underslung  frame  is  used  as   compared  to  the  conventional 
method  of  construction. 

Q.  Describe  construction  of  typical  frame  made  of  pressed 
steel. 

A.  A  typical  frame  of  the  pressed  steel  form  consists  essentially 
of  two  side  members  joined  together  by  means  of  cross  members 
which  act  as  spacers  to  separate  the  two  frame  sides,  as  well  as 
form  a  supporting  means  for  the  power  plant  and  transmission 
elements.    It  will  be  noted  at  lig.  190- A  the  one  piece  frame  sides 
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are  joined  by  four  cross  members,  one  at  the  front  practically  over 
the  front  axle,  which  serves  as  a  radiator  support,  two  at  the  in- 
termediate points  in  the  frame  unde;^  the  body  and  a  fourth  at  the 
rear  end.  The  cross  members  are  well  braced  with  gusset  plates 
or  triangular  pieces  of  pressed  steel  in  order  to  stiffen  the  construc- 
tion. Some  forms  of  frames  have  a  shorter  inner  member  or  sub- 
frame  carried  between  the  two  side  members. 

Q.     What  is  the  sub-frame  for? 

A.  The  sub-frame  is  employed  to  support  the  power  plant  and 
change  speed  gearing  when  the  main  frame  side  members  are  too 
far  apart  to  permit  these  units  being  attached  directly  to  the  frame 
sides. 

Q.     How  are  the  springs  attached  to  a  frame? 

A.  The  springs  are  attached  to  special  spring  horns  or  brackets 
securely  riveted  to  the  frame  side  members. 

Q.  How  are  running  board  supporting  irons,  radius  rods, 
spring  end  brackets  and  other  parts  attached  to  the  frame? 

A.  The  usual  method  of  attaching  auxiliary  parts  not  likely  to 
be  removed  to  the  frame  is  by  some  permanent  means  of  securing 
as  by  riveting. 

Q.  •  Name  common  types  of  springs. 

A.  The  common  forms  of  springs  utilized  in  motor  car  construc- 
tion are  the  helical  coil  and  laminated  leaf  forms. 

Q.     Where  are  coil  springs  used  in  automobile  construction? 

A.  Coil  springs  are  generally  employed  in  various  parts  of  the 
mechanism  such  as  on  the  valves,  in  the  clutch  and  to  return  various 
rods  or  operating  levers  to  their  proper  position  when  released.  Some 
forms  of  automobiles  have  been  made  in  which  coil  springs  were 
utilized  as  supporting  mediums  for  the  frame  but  these  have  not 
been  generally  used  on  account  of  various  structural  defects. 

Q.     Why  are  laminated  leaf  springs  so  generally  used? 

A.  When  the  laminated  leaf  construction  is  employed  it  is 
possible  to  so  proportion  the  springs  that  members  having  great 
strength  and  resiliency  are  used  and  the  strength  may  be  varied 
easilv  by  v.^^'^^  different  numbers  and  widths  of  leaves.    If  one  of 
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the  spring  leaves  should  break  the  member  is  still  serviceable, 
whereas  if  one  of  the  coils  of  a  helical  spring  breaks  the  member 
can  be  used  no^  longer.  Coil  springs  are  especially  desirable  where 
quick  action  is  required  and  it  is  because  of  this  quality  that  they 
are  employed  as  valve  springs  and  in  motor  car  seat  cushions  or 
where  great  strength  is  needed  in  small  space,  which  is  the  reason 
that  coil  springs  are  used  in  clutches.  The  springs  used  for  frame  sus- 
pension must  be  more  gradual  in  action  and  it  is  for  this  reason  that 
the  leaf  form  is  preferred  because  in  the  few  cases  where  coil  springs 


Fig.  194. — The   Two   Most   Popular   Forms   of   Automobile    Springs. 
A— Semi-Elliptic  Type.     B— Threc-Quarter  Elliptic  Forms. 

have  been  used  their  action  had  to  be  dampened  or  retarded  by 
means  of  friction  shock  absorbers  or  other  devices  of  that  character. 

Q.     Name  principal  types  of  leaf  springs. 

A.  Leaf  springs  used  for  supporting  automobile  frames  are  either 
of  the  semi-elliptic,  three-quarter  or  full  elliptic  type;  or  the  plat- 
form spring,  which  is  a  composite  form  composed  of  three  semi- 
elliptic  members. 
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Q.  Describe  construction  and  state  advantages  of  semi-elliptic 
springs. 

A.  The  semi-elliptic  spring  is  shown  at  Fig.  194-A  and  as  will 
be  noted  it  is  composed  of  a  nmnber  of  strips  of  steel  graduated  in. 
length  so  the  longest  member  is  at  the  top  and  the  shortest  member 
is  at  the  bottom.  The  upper  leaf  is  turned  over  at  the  ends  to  form 
eyes  by  which  the  spring  is  attached  to  the  frame  and  the  other 
leaves  are  held  to  the  top  leaf  or  main  member  by  means  of  small 
clamps.  The  semi-eliptic  form  of  spring  is  suited  for  carrying  great 
weight  and  is  well  adapted  for  use  at  points  where  a  stiflF  suspension 
is  desired. 

Q.  What  are  three-quarter  and  full  elliptic  springs  and  why 
are  they  used  ? 

A.  A  three-quarter  scroll  elliptic  spring  is  shown  at  Fig.  194-B. 
This  member  is  composed  of  a  semi-elliptic  spring  and  an  auxiliary 
member  which  is  a  quarter  elliptic  spring  secured  to  one  end  of  the 
lower  member  by  means  of  a 'spring  shackle.  The  free  end  of  the 
upper  member  is  attached  to  the  motor  car  frame,  as  is  the  free  end  of 
the  semi-elliptic  or  lower  member.  A  full  elliptic  spring  is  composed 
of  two  semi-elliptic  members  joined  together  either  in  the  manner 
indicated  for  the  three-quarter  elliptic  as  outlined  at  B,  or  by  in- 
verting one  member  and  have  it  fit  into  suitable  sockets  at  the  ends 
of  the  other  member.  The  advantage  of  the  full  elliptic  and  three- 
quarter  form  is  greater  flexibility  on  account  of  the  construction 
permitting  greater  spring  movement  than  is  possible  with  the  semi- 
eliptic  form  of  the  same  length.    , 

Q.     What  is  the  platform  spring  suspension  ? 

A.  Two  forms  of  platform  springs  are  shown  at  Figs.  195  and 
196.  The  platform  spring  consists  of  three  semi-elliptic  members, 
two  of  which  are  placed  parallel  with  the  frame  side  members  while 
the  other  is  placed  at  the  rear  end  of  the  frame  parallel  to  the  cross 
member.  The  front  end  of  the  side  springs  are  secured  to  the  frame, 
they  are  attached  to  the  axle  at  their  center  and  to  shackles  car- 
ried  by  the  cross  spring  ends  at  the  rear.  The  frame  is  supported 
by  one  point  at  the  center  of  the  rear  cross  member  which  rests 
at  the  top  of  the  arc  of  the  cross  spring.    The  cross  spring  shown 
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at  Fig.  195  is  iised  on  a  pleasure  car  chassis  and  it  will  be  noted  that 
the  frame  side  members  are  raised  directly  over  the  axle  in  order 
to  permit  the  proper  degree  of  axle  movement.  The  heavier  con- 
struction outlined  at  Fig.  196  shows  the  application  of  a  platfOTD) 
spring  assembly  to  the  frame  and  axle  of  a  motor  truck. 


of    Rear    End    of 

Q,    Outline  the  conventional  spring  suspension  sirstem. 

A.  As  a  rule  the  front  end  of  the  car  is  supported  on  semi-ellip- 
tic springs  while  the  rear  end  may  be  carried  on  three-quarter 
elliptic,  as  shown  at  Fig,  190-A,  or  by  full  ellipnb  or  bythe  plat- 
form spring  as  shown  at  Figs.  195  and  196.  On  some  heavy  commer- 
cial car  frames,  as  shown  at  Fig.  190-B,  semi-elliptic  springs  are 
utilized  at  both  front  and  rear  of  the  frame,  though  in  most  forms 
of  pleasure  cars  the  semi-elhptic  springs  are  utilized  only  at  the  front 
end. 

Q.  WTiy  are  semi-elliptic  springs  desirable  for  supporting  front 
ends  of  fhune  ? 

A.  On  account  of  the  front  end  of  the  frame  carrying  the  power 
plant  and  also  having  the  front  axle,  which  is  depended  on  for 
steering  the  car,  attached  to  it,  it  is  not  desirable  or  necessary  to 
have  great  flexibility  at  that  point.    The  semi-elliptic  forms  carry 
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the  weight  with  minimum  side  sway,  serve  to  hold  the  front  axle 
steady,  and  while  it  does  not  permit  much  motion  up  and  down 
it  still  pOBsesaes  sufficient  flexibility  so  the  mechanism  is  not  jarred 
enough  to  harm  it. 

Q.     Describe  a  compound  spring  and  state  its  advantages. 

A.     A  compound  spring  is  a  form  in  which  various  members  are 


Fig.  196. — Rear  End  of  Heavy  Motor  Truck  Frame  Showing  Substan- 
tial Platform  Spring  Suspension. 

joined  together  s4  they  may  be  brought  in  action  prc^essively 
as  the  loads  increase  and  as  greater  spring  strength  is  desired.  The 
construction  of  the  rear  end  of  a  typical  three-quarter  elUptlc spring 
of  the  compound  form  is  shown  at  Fig.  197.  Under  light  loads  the 
more  flexible  member  of  the  lower  spring,  which  is  the  longest,  and 
the  shortest  member  of  the  upper  spring  are  utihzed  and  when  the 
loads  increase  the  other  members  are  brought  into  service  progres-' 
sively.  A  compound  spring  is  said  to  produce  as  easy  riding  when 
a  car  is  not  fully  loaded  as  when  it  is  filled  with  its  full  complement 
of  passengers.  With  the  ordinary  spring  suspension  designed  to 
carry  max'mum  weight  stiff  action  may  result  if  the  car  is  not  loaded 
to  capacity.     With  a  compound  spring  only  certain  portions  of  it 
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are  brought  in  action  when  the  loads  are  light,  the  entire  spring 
being  used  only  under  conditions  where  maximum  strength  is  needed. 

Q.     How  is  spring  strength  obtained? 

A.  The  strength  of  leaf  springs  is  determined  by  the  width  and 
obickness  of  the  laminEe,  the  number  used  and  the  material  of  which 
they  are  composed. 

Q.     How  is  spring  flexibility  secured? 

A.  A  spring  is  made  flexible  by  using  long  and  thin  plates  and 
by  employing  as  small  a  number  as  possible. 


Fig.  197— Compound  Spring  Structure. 
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Q.     How  are  springs  attached  to  axles? 

A.  The  method  of  securing  semi-elUptic  springs  to  front  axles  is 
clearly  shown  at  Fig.  198.  They  are  held  by  means  of  U  clips  which 
straddle  the  spring  at  its  center  and  which  bolt  it  firmly  to  spring 
pads  formed  integral  with  or  supported  by  the  axle.  On  rear  axles 
the  springs  are  secured  to  special  fittings  movable  on  the  axle  housing 
tube  in  the'  same  manner. 

Q.    Why  are  movable  spring  blocks  needed  at  the  rear  axle? 

A.  It  is  desirable  to  mount  the  rear  sprngs  on  spring  blocks 
which  are  not  rigidly  secured  to  the  axle,  though  kept  from  end 
movement  by  collars,  because  it  is  considered  good  practice  to 
reUeve  the  springs  of  all  driving  and  braking  torque  stresses.    When 
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Fig.  198. — View  of  Front  Axle  Showing  Method  of  Attaching  Semi- 
Elliptic  Spring. 

the  brakes  are  employed  the  tendency  of  car  movement  is  to  turn 
the  axle  around  in  the  direction  in  which  the  rear  wheels  are  moving. 
It  is  desirable  to  resist  this  tendency  to  turn  by  means  of  a  special 
restraining  member  instead  of  depending  upon  the  springs  to  do  so. 
Obviously  if  the  spring  blocks  were  securely  fastened  to  the  axle 
housing  tube,  the  tendency  of  axle  rotation  would  be  resisted  by 
the  springs  which  would  have  to  be  of  heavier  construction  than 
if  depended  only  to  support  the  car. 

Q.     What  is  driving  torque? 

A.  Driving  torque  is  similar  to  braking  torque  and  is  a  tend- 
ency the  axle  has  to  turn  owing  to  ground  resistance  to  rotation  of 
the  driving  wheels. 
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Q.     What  means  are  provided  to  resist  these  stresses? 

A.  The  rear  axle  is  usually  restrained  from  movement  by  a 
special  torque  tube  or  rod  which  runs  from  the  axle  to  which  it  is 
rigidly  secured  to  a  suitable  restraining  member  carried  by  one  of 
the  frame  cross  members.  The  torque  stresses  may  be  resisted  by 
a  torque  tube  as  shown  at  Fig.  199.  This  member  acts  as  a  housing 
for  the  drive  shaft  as  well  as  a  torque  tube,  and  owing  to  its  length 
the  turning  force  present  at  the  dififerential  case  will  be  reduced  ap- 


Ftg.  199. — Rear  Axle  AsBembljr  ShQwing  TorqucTube  and  Brace  Rod. 


preciably  at  the  upper  end.  In  some  driving  systems  the  drive  shaft 
is  provided  with  two  universal  joints  and  is  not  protected  by  a 
tube  or  housing.  Axles  of  the  type  illustrated  at  Fig.  200  utilize 
a  separate  torque  rod  which  runs  parallel  to  the  driving  shaft  and 
having  its  center  line  on  the  same  plane  as  that  of  the  drive  member. 
This  torque  rod  is  securely  attached  to  the  differential  housing 
at  the  rear  end  and  to  a  special  carrier  member  adapted  to  be  sup- 
ported from  one  of  the  frame  cross  braces  at  its  front  end. 
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Fig.  200. — Rear  Axle  Showing  Api>lication  of  Torque  Rod  and  Radius 
Members  to  Take  Braking  and  Driving  Torque. 

Q.     What  are  functions  of  radius  rods? 

A.  Radius  rods  or  distance  members  are  employed  to  keep  the 
axle  always  at  the  same  distance  from  the  frame  side,  and  to  act  as 
bracing  members  to  prevent  the  tendency  of  one  end  of  the  axle 
to  advance  more  than  the  other  under  certain  conditions  where 
the  driving  wheels  encounter  varying  resistances.  The  brace  rods 
may  be  of  the  form  shown  at  Fig.  199  where  they  are  attached  to 
the  front  end  of  the  torque  tube  or  they  may  be  separate  members 
as  shown  at  Fig.  200  adapted  for  attachment  to  the  frame  at  the 
front  end  and  to  the  axle  at  the  back. 


LESSON  TWENTY-THREE 

THE  STEERING  GEAR  AND  FRONT  AXLE 

Q.     How  is  the  automobile  steered? 

A.  Automobiles  may  be  steered  by  simple  levers  or  by  hand 
wheels. 

Q.    What  is  the  simplest  method? 

A.  The  simplest  forms  of  steering  connection  are  the  direct 
tiller  or  lever  steering  gears  actuating  the  front  wheels  by  direct 
connecting  rods.  These  lever  or  tiller  steering  gears  are  used  at 
the  present  time  only  on  electric  automobiles,  though  they  were 
formerly  used  extensively  on  all  classes  of  motor  vehicles. 

Q.  How  does  an  automobile  front  axle  differ  from  that  of 
a  horse  drawn  vehicle? 

A.  The  front  axle  of  a  carriage  or  wagon  is  a  one-piece  member, 
having  the  wheels  revolving  on  its  ends  and  adapted  to  swing  around 
a  central  pivotal  point  so  that  the  entire  axle  is  moved  when  it  is 
desired  to  turn.  The  axle  of  an  automobile  is  not  movable  but  the 
wheels  are  mounted  on  independent  supporting  members  so  they 
may  be  set  at  an  angle  when  it  is  desired  to  direct  the  automobile 
in  any  other  than  a  straight  course. 

Q.  Why  is  it  not  advisable  to  use  a  movable  axle  on  an  auto- 
mobile? 

A.  The  movable  form  of  axle  such  as  used  in  carriages  and  other 
horse  drawn  vehicles  is  well  adapted  for  this  purpose  because  it 
can  be  easily  swung  around  by  the  animals  furnishing  the  motive 
power.  If  used  on  an  automobile  it  would  require  considerable 
effort  to  turn  the  axle  and  it  would  be  very  difficult  to  swing  the 
entire  axle  of  a  heavily  loaded,  car  around  if  the  wheels  were  in  ruts. 
Another  disadvantage  of  the  movable  axle  would  be  a  loss  of  stabil- 
ity if  attempt  was  made  to  turn  a  corner  at  even  moderate  speed. 
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In  a  horse  drawn  vehicle  the  weight  of  the  animal  between  the 
shafts  prevents  the  conveyance  from  tipping  over  even  if  a  very- 
short  corner  is  turned,  .  jid  then  again  the  turns  are  negotiated  so 
slowly  that  the  tipping  effect  on  the  average  wagon  is  practically 
negligible. 
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Fig.   201.— Typical    Front   Axle    and    Steering   Mechanism    Showing 
Method  of  Moving  Wheel  Supporting  Spindles. 

Q.  What  class  of  self-propelled  vehicle  uses  a  one-piece  axle 
to  some  extent? 

A.  One-piece  front  axles  for  steering  are  sometimes  applied  to 
steam  and  gas  traction  engines,  of  which  the  road  roller  ordinarily 
used  is  the  most  common  example.  To  steer  vehicles  of  this  nature 
the  entire  front  axle  is  swung  around  by  means  of  chains  attached 
to  the  ends  of  the  axle  near  the  wheel  hubs  and  to  some  form  of 
reduction  gear  operated  by  a  hand  wheel  at  the  other  end  so  that 
the  operator  may  move  the  front  axle  under  its  heavy  load  without 
expenditure  of  undue  energy. 
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Q.  Why  can  it  be  used  in  this  application  and  not  on  an  auto- 
mobile ? 

A.  As  the  maximum  speed  of  traction  engines  is  seldom  ovei 
four  miles  an  hour,  the  operator  has  ample  time  to  make  a  turn 
and  half  a  dozen  or  more  turns  of  the  handwheel  may  be  .used  to 
describe  a  circle  of  very  large  radius.  The  steering  system  of  the 
motor  car  is  much  more  sensitive  than  that  of  a  traction  engine  and 
on  account  of  the  higher  speeds  possible  it  is  imperative  that  the 
steering  arrangement  be  such  that  it  will  operate  immediately  and 
surely.  It  would  not  be  possible  for  the  average  motorist  to  handle 
an  automobile  effectively  at  even  moderate  speeds  if  it  was  neces- 
sary to  swing  the  entire  axle  as  in  a  road  ro  ler  or  wagon. 

Q.     How  are  the  wheels  moved  to  steer  an  automobile? 

A.  A  typical  front  axle  and  steering  gear  arrangement  is  shown 
at  Fig.  201.  The  handwheel,  which  is  carried  at  the  end  of  the 
steering  column,  operates  the  steering  arm  at  the  lower  end  which 
in  turn  moves  one  of  the  steering  knuckles  which  carries  a  spindle 
on  which  the  wheel  revolves.  The  steering  spindles  at  opposite 
ends  of  the  axle  are  actuated  by  a  common  member  so  they 
oscillate  in  unison,  and  assume  correct  angles  for  diverting  the 
vehicle  from  a  straight  course. 

Q.    What  connects  the  wheels  so  they  will  move  together? 

A.  As  will  be  seen  by  referring  to  Figs.  201  and  202  the  wheel 
spindles  carried  in  the  steering  yokes  have  arms  projecting  from 
them  at  approximately  right  angles  which  are  joined  together  by 
a  piece  of  tubing  or  rod  known  as  the  ''tie-bar."  Obviously  moving 
one  of  the  wheel  spindles  must  produce  a  corresponding  movement 
of  the  other. 

Q.     What  connects  the  wheels  with  the  steering  gear? 

A.  The  steering  arm,  carried  by  one  of  the  steering  knuckles, 
is  joined  to  the  corresponding  member  of  the  steering  gear  by  means 
of  a  rod  which  is  called  a  drag  link  when  it  is  approximately  paral- 
lel to  the  axle  as  shown  at  Fig.  202  and  sometimes  the  "fore  and 
aft"  rod  when  installed  as  shown  at  Fig.  201  where  it  is  approxi- 
mately parallel  to  the  frame  side  member. 
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Q.  What  is  the  main  disadvantage  of  the  direct  leverage  sys* 
tem  of  steering? 

A.  The  method  of  moving  the  front  wheels  by  simple  lever  con* 
nections  with  a  tiller  or  steering  bar  operated  by  the  hand  offers  a  dis- 
advantage  that  it  is  only  suitable  for  slow  moving  vehicles  on  ac- 
count of  the  amount  of  power  needed  to  turn  the  wheels  of  evea 
a  medium  weight  conveyance.  The  direct  leverage  system  of 
steering  is  known  as  a  "reversible"  steering  gear  because  it  is  pos- 
sible to  move  the  hand  lever  by  moving  the  wheels.  This  means, 
that  every  obstacle  or  inequahty  of  the  highway  surface  that  will 
produce  a  movement  of  the  steering  wheel  will  also  produce  a  cor- 
responding movement  of  the  hand  lever  which  must  be  resisted  hy 
the  person  steering. 

Q.  What  is  the  advantage  of  gear  reduction  between  hand 
wheel  and  steering  arm  going  to  the  front  axle? 

A.  The  use  of  a  hand  wheel,  instead  of  a  lever,  makes  for  easier 
handling  and  the  reduction  gearing  carried  at  the  bottom  of  the 
steering  post  in  most  cases  enables  the  operator  to  turn  the  wheel 
of  even  the  heaviest  automobile  without  using  all  his  strength. 
Steering  gears  may  be  either  of  the  reversible  or  irreversible  type,, 
the  latter  being  thcmost  common. 

Q.     Describe  simplest  form  of  geared  steering  arrangement?" 

A.  The  simplest  form  of  geared  steering  arrangement  consist* 
of  either  a  spur  or  bevel  pinion  carried  at  the  end  of  the  steering; 
post  meshing  with  a  suitable  spur  rack  or  beveled  sector  which, 
has  two  or  three  times  the  number  of  teeth  provided  on  the  pinion 
that  actuates  it.  This  means  that  it  will  be  necessary  to  turn  the 
handwheel  two  or  three  times  in  order  to  obtain  a  full  movement 
of  the  rack  or  sector  to  which  the  steering  arm  is  attached,  which 
produces  the  complete  movement  of  the  steering  wheels  from  one^ 
maximum  position  to  the  other. 

Q.  What  are  the  advantages  of  spur  or  bevel  rack  and  pinion 
steering  gears  and  on  what  classes  of  cars  are  they  used? 

A.  The  main  advantage  of  the  simple  form  of  steering  gear  is. 
that  they  are  easily  operated  and  not  likely  to  get  out  of  order.    They 
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are  not  costly  to  build  and  usually  form  the  equipment  on  cheap, 
light  cars  where  an  irreversible  steering  gear  is  not  absolutely  nec- 
essary. 

Q,  What  is  an  irreversible  steering  gear,  and  how  does  it 
differ  from  a  reversible  steering  arrangement? 

A.  The  irreversible  forms  of  steering  gears  are  those  that  utilize 
reduction  gearing  that  is  not  capable  of  being  turned  except  by  the 
handwheel  and  which  is  therefore  not  affected  by  the  action  of  the 
road  wheels.    As  previously  explained  the  simpler  forms  of  steering 
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gear  are  reversible  and  movement  of  the  front  wheels  is  communi- 
cated directly  to  the  hand  lever  or  wheel,  the  constant  movement 
of  which  is  apt  to  tire  the  operator. 

Q.     Which  is  the  best  type  and  why? 

A.  The  irreversible  forms  of  steering  gear,  while  slower  acting 
than  the  simpler  reversible  type,  are  the  most  popular  because  they 
are  the  safest,  the  most  easily  handled,  and  the  most  powerful 
form.  The  wheels  of  the  largest  car  fitted  with  an  irreversible 
gear  may  be  turned  without  difficulty  by  any  person  of  average 
strength. 

Q.     Describe  action  of  worm  reduction  steering  gear. 

A.  Two  forms  of  worm  and  worm  gear  reducing  gearing  are 
outlined  at  Figs.  203  and  204.  They  are  similar  in  construction, 
except  that  one  utilizes  a  complete  worm  gear  to  actuate  the  steer- 
ing arm  while  the  other  employs  a  worm  gear  segment.  The  worm 
is  carried  at  the  lower  end  of  the  steering  post,  being  restrained  from 
end  movement  by  ball  thrust  bearing  at  either  side.  It  is  keyed  to 
the  steering  column  so  the  worm  must  be  turned  with  the  hand 
wheel.  The  worm,  as  it  revolves,  rotates  the  worm  gear  to  which 
the  steering  arm  is  secured  and  this  is  oscillated  back  and  forth 
as  the  worm  is  turned.  The  motion  imparted  to  the  steering  arm 
is  transferred  to  the  movable  wheel  spindles  on  the  front  axle  by 
means  of  a  drag  link.  While  it  is  possible  to  turn  the  worm  gear 
through  the  medium  of  the  worm,  the  pitch  of  the  thread  on  the 
latter  is  such  that  it  is  not  possible  to  move  the  worm  and  conse- 
quently the  handwheel  used  to  operate  it  by  moving  the  steering 
arm  or  wheels. 

Q.    What  is  a  thread  and  nut  steering  arrangement? 

A.  The  thread  and  nut  steering  arrangement  differs  from  the 
worm  type  in  that  the  end  of  the  steering  post  is  threaded  with  a 
coarse  screw  thread  and  pulls  a  nut  up  and  down  as  it  is  rotated. 
As  the  nut  is  kept  from  turning  it  is  apparent  that  it  will  be  moved 
in  one  direction  or  the  other  and  that  this  movement  may  be  trans- 
ferred to  the  steering  wheels  by  means  of  a  simple  bell  crank  lever, 
the  short  arm  of  which  is  operated  by  the  nut  that  works  up  and 
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down  on  the  steering  post,  while  the  long  arm  performs  the  same 
function  as  the  steering  arm  of  a  worm  reduction  gear. 

Q.  Why  are  the  engine  control  levers  usually  carried  conven- 
ient to  the  steering  wheel? 

A.  The  levers  used  to  regulate  the  time  of  the  ignition  and  the 
amount  of  gaa  supplied  the  motor  are  invariably  placed  convement 
to  the  steering  wheel  so  the  motor  speed  may  be  regulated  without 
removing  the  hand  from  the  wheel  rim  except  for  an  instuit  In 
some  cases  the  levers  are 
placed  under  the  steering 
wheel  and  are  long  enough 
so  they  may  be  moved 
without  removing  the  hand 
from  the  wheel  rim.  In 
most  cars  the  construction 
outlined  at  Fig.  206  is  fol- 
lowed. The  spark  and 
throttle  levers  are  carried 
above  the  steering  wheel 
and  operate  on  a  fixed  sec- 
tor member  which  remiuna 
stationary  whether  the 
hand  lever  is  turned  or  not. 
This  means  that  the  levers  ^ 
will  always  retain  the  same 
position  unless  moved  by 
the  operator. 

Q.     Name  two  common  methods  of  front  axle  construction. 

A.  The  two  general  methods  of  front  axle  construction  are 
shown  at  Fig,  206.  The  form  outlined  at  ^  is  a  tubular  axle,  while 
that  at  JS  is  a  one-piece  forging  termed  the  I  beam  axle. 

Q.  How  are  the  various  parts  of  a  tubular  axle  assembled 
t  o  form  a  unit  ? 

A.  The  tubular  axle  is  composed  of  a  number  of  castings  or 
forgings  attached  to  a  steel  tube.  In  the  construction  shown  at 
Fig,   206-A  the  steering  yokes  and  spring  chairs  are  separately 


Fig.  205. — Showing  Method  of  Mounting 
Motor  Control  Levers  at  Upper  End 
of  Steering  Column  over  Handwheel. 
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Fig.  206. — Typical  Examples  of  Conventional  Front  Axle  Construc- 
tion.   A — Tubular  Axle.     B — I  Beam  Steel  Drop  Forging. 

formed  members  which  are  pushed  in  place  on  the  steel  tube  form- 
ing the  axle  proper  and  after  being  properly  located  are  pinned  in 
place  and  then  brazed  to  the  asle  tube. 

Q.    What  is  the  advantage  of  the  I-beam  axle? 
A.     The  I-beam  axle  is  forged  in  one  piece  with  steering  yokes 
and  spring  chairs  formed  integral  and  there  is  no  possibility  of  these 
members  becoming  loose  as  sometimes  occm-e  with  poorly  con- 
structed tubular  axles.    The  I-beam  axle  is  the  strongest  construc- 
tion though  the 
tubular  form  is 
said  to  have 
more    flexibility 
than   the  rigid 
forging. 

-Q.  Name  Vkq 
common  type 
of  steering 
knuckles. 

A.  The  two 
forms  of  steering 
knuckles  gener- 
ally used  are  the 
ElUot  outlined  at 
Fig.  207  and  the 


Fig.  207.— Front  Hub  Mounted  c 
Steering  Spindle. 
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Mercedes  shown  at  Fig.  208,  In  the  former,  the  wheel  spindle 
is  attached  to  &  central  body  member  of  forged  steel  that  fits 
in  a  yoke  at  the  end  of  the  axle  and  which  rotates  on  a  through 
bolt  passing  through  the  axle  and  wheel  spindle  boss  and 
forming  a  bearing  for  these  members  as  well  as  holding  the 
assembly  together.  In  the  Mercedes  type  the  wheel  spindle  is 
attached  to  a  yoke  member  while  the  axle  is  provided  with  a 
simple  bearing  boss,  the  two  parts  being  held  together  by  a  bolt 
as  in  the  construction  previously  outlined. 

Q.  What  is  the  "caster"  axle  construction  and  its  advan- 
tages? . 

A.  Forms  of  front  axles  having  a  peculiar  steering  spmdle  con- 
Btruction  in  which  the  wheel  spindle  center  line  is  carried  back  of 
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Fig,  208.— Front  Hub  Mounted  on  Mercedes  Type  Steering  Spindle. 
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that  of  the  axle  proper  are  termed  "caster  axles"  because  the  wheels 
tend  to  trail  along  and  run  straight  even  if  the  tie  bar  joining  the 
two  wheel  spindles  should  break  or  become  loose.  It  is  contended 
that  this  form  of  axle  provides  greater  safety  on  account  of  the  wheels 
tending  to  travel  in  a  straight  path  automatically.  Other  claims 
of  easier  steering  and  longer  tire  life  are  also  advanced  by  adherents 
of  this  method  of  construction  which  is  not  very  widely  used. 

Q.  What  types  of  bearings  are  generally  used  in  front 
wheels? 

A.  Front  wheels  are  invariably  moimted  on  anti-friction  bear- 
ing of  lAe  ball  or  roller  form.  The  wheel  hubs  outUned  at  Figs.  207 
and  208  are  carried  on  ball  bearings  while  the  wheel  spindles  of  the 
heavy  truck  axle  depicted  at  Fig.  202  and  that  of  the  touring  car 
axle  at  Fig.  201  are  moimted  on  taper  roller  bearings.  A  full  dis- 
cussion of  anti-friction  bearings  and  their  advantages  is  given  in 
Lesson  25. 

Q.     How  are  the  springs  secured  to  the  front  axle? 

A  The  springs  usually  rest  on  pads  or  spring  chairs,  either  at- 
tached to  the  axle  as  in  the  built-up  tubular  construction  or  forged 
integrally  in  one-piece  axles  and  are  kept  from  moving  out  of  place 
by  means  of  U  shaped  spring  clips  which  straddle  the  springs  and 
pass  through  the  spring  pads  or  chairs  where  they  are  held  securely 
by  means  of  locking  nuts.  The  construction  of  a  spring  pad  and 
arrangement  of  spring  clips  are  clearly  outlined  at  Fig.  202. 


LESSON  TWENTY-FOUR 
WHEELS,  RIMS  AND  TIRES 

Q.     What  types  of  wheels  are  used  for  automobiles? 

A.  Automobile  wheels  may  be  divided  into  two  main  classifica- 
tions, those  made  (rf  wood  and  the  forms  composed  entirely  of  metaL 
Wooden  wheels  are  generally  of  the  artillery  type,  while  metal 
wheels  may  be  any  one  of  four  different  forms.  The  most  common 
metal  wheel  construction  is  the  wire  spoked  form  similar  in  ap- 
pearance to  those  used  on  bicycles  and  motorcycles.  Other  forms 
are  composed  of  two  metal  discs  riveted  to  the  hub  at  the  center 
portion  and  together  at  the  rim.  There  is  another  method  of  metal 
wheel  construction  patterned  after  the  artillery  wooden  wheel  ex- 
cepting that  it  is  made  up  of  tubing  and  channel  sections  brazed 
together  to  form  the  complete  assembly.  A  form  of  metal  wheel 
that  is  receiving  some  application  in  heavy  vehicle  service  is  com- 
posed of  a  large  steel  casting,  having  fewer  spokes  than  the  usual 
artillery  wheels.  These  spokes  are  cast  with  flanges  or  ribs  which 
act  as  a  reinforcement  and  the  wheel  is  a  very  substantial  member. 

Q.     Describe  construction  of  artillery  wheel. 

A.  The  wooden  portions  of  an  efficient  form  of  artillery  wheel 
used  for  pleasure  cars  are  clearly  shown  at  Fig.  209.  The  spokes^ 
which  are  made  of  hickory,  are  joined  together  at  the  central  part 
of  the  wheel  by  a  series  of  interlocking  mortise  and  tenon  joints 
which  form  a  very  strong  assembly  and  they  are  inserted  into  holes 
in  a  wooden  felloe  at  their  outer  ends.  The  complete  artillery  wheel 
with  metal  hub  and  rim  in  place  is  shown  at  Fig.  210,  while  the  two 
forms  outlined  at  Fig.  211  show  clearly  the  method  of  holding  the 
lower  end  of  the  spoke  securely  between  the  main  hub  casting  and 
the  metal  flange  which  acts  as  a  clamping  member.  The  main  cast- 
ing serves  as  a  housing  for  the  bearings  on  which  the  wheel  revolves. 
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The  wheel  showu  at  A,  Fig.  211,  is  a  lighter  form  than  that  outlined 
at  B  and  is  intended  for  application  on  the  front  axle  of  a  motor 
truck.  The  heavier  and  stronger  wheel  with  sprocket  and  brake 
drum  attached  is  one  of  the  traction  members  that  revolve  on  the 
rear  «de.  The  rubber  tires  with  which  these  wheels  are  provided 
are  not  shown  in  this  view  but  the  appearance  of  a  complete  wheel 
with  sectional  block  tires  and  retaining  flanges  in  place  is  clearly 
depicted  at  Fig.  210. 

Q.     Describe  a  typical  cast-steel  wheel  for  motor  trucks. 

A.  Heavy  cast-steel  wheels  intended  for  use  on  a  large  motor 
truck  of  Germui  design  are  shown  at  Fig.  210-a.  That  at  A  is  a 
front  wheel  and  is  fitted  with  a  single  tire.  That  at  £  is  a  rear  wheel 
■with  rim  of  sufficient  width  to  take  two  solid  rubber  tires  side  by 
side.  The  wheel  construction  consists  of  a  steel  casting  having 
cored  spokes  and  rira  to  give  it  lightness,  provided  with  a  plain  bear- 
ing hub.  The  construction  of  the  front  and  rear  wheels  is  similar 
except  that  the  hollow  rim  and  spokes  of  the  latter  are  of  larger 
fflze  and  the  spokes  are  provided  with  bosses  through  which  the 
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bolts  holding  the  driving  sprocket  and  brake  drum  in  place  are  se- 
cured. The  use  of  pl£un  bearings  is  not  general  on  American  motor 
trucks  on  account  of  the  friction  present  when  the  wheels  are  heav- 
ily loaded.  Pltun  bearings  are  suitable  only  where  truck  speeds 
are  very  low  and  the  motor  has  a  mat-^n  of  power  over  the  actual 
requirements. 
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Fig.  210A.— Motor  Truck  Wheels  of  German  Design  Made  hy  Steel 
Casting  Process. 

Q.  Outline  construction  of  wire  spoke  wheels  and  state  their 
advantages. 

A.  A  tangent  spoke  wire  wheel  adapted  for  automobile  use 
complete  with  tire  is  shown  at  Fig.  212,  while  the  various  methods 
of  wire  wheel  construction  in  vogue  are  outlined  at  Figs.  213,  214, 
and  215.  Wire  wheels  may  be  of  either  the  double  or  triple  spoke 
construction  as  indicated  at  A,  Fig.  213.  The  double  spoke  type 
follows  lines  that  have  been  established  as  standard  in  bicycle  and 
motorcycle  construction  and  differs  but  slightly  from  the  wheels 
used  on  the  lighter  vehicles  except  in  the  matter  of  structural  strength 
of  the  components.  ^The  triple  spoke  construction  has  been  devel- 
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oped  especially  with  the  requirements  of  the  heavier  forms  of  self- 
propelled  vehicles  in  mind  and  is  stronger  than  the  form  having  a 
lesser  number  of  spokes. 

The  spokes  are  similar  in  construction  to  those  used  in  bicycle 
wheels  but  are  much  stronger  and  made  of  higher  grade  iraterial 


Fig.  211.- 


on  account  of  the  severe  duties  they  perform.  The  spoke  is  pro- 
vided at  the  lower  end  with  a  button  head  to  keep  it  from  pulling 
through  the  hole  in  the  hub  when  it  is  tightened  by  the  threaded 
nipple  at  the  upper  end  passing  through  and  having  a  head  which 
bears  against  the  rim.  After  the  spokes  of  a  wire  wheel  are  in  place 
atl  the  nipples  are  screwed  up  so  that  the  tension  on  practically  all 
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the  spokes  is  as  nearly  the  same  as  it  is  possible  to  obtain  and  have 
the  wheel  run  true.  The  method  by  which  the  upper  end  of  the 
spoke  is  attached  to  the  rim  is  clearly  outlined  at  Fig.  213-B. 

The  construction  depicted  at 
Fig.  214  is  the  Rudge-Whitworth 
wire  wheel  fitted  with  the  Houk 
quickdetachablerim.  Thewheet 
is  of  English  design  and  is  widely 
used  abroad.  It  is  of  the  triple 
spoke  pattern  and  is  made  so  it 
can  be  removed  easily  from  the 
inner  hub  casting  in  which  the 
bearings  are  carried.  The  bub 
shell  to  which  the  spokes  are 
fastened  is  held  in  place  by 
means  of  &  substantial  locking 
nut  f  which  keeps  the  serrations 
in  the  hub  members  firmly  to- 
gether to  insure  that  the  two 
parts  B  and  E  will  turn  as  a 
unit  when  the  locknut^"  is  tight- 
ened. The  wheels  shown  at  Fig. 
215  are  an  American  pattern 
known  as  the  McCue,  that  at  A  being  a  front  wheel  while  the 
form  outlined  at  B  is  used  on  a  live  axle  and  serves  as  a  traction 
member. 

It  is  claimed  that  with  wire  wheels  considerably  more  elasticity 
is  present  than  in  wooden  members  and  that  this  type  of  wheel  is 
much  easier  on  tires.  Experiments  conducted  during  the  past  two 
or  three  years  have  served  to  establish  the  belief  in  some  quarters 
that  wire  wheels  double  the  life  of  tires  as  compared  to  wooden 
wheels.  The  main  reason  advanced  is  that  wire  wheels  are  extremely 
light  at  their  peripheries  and  the  reduction  of  weight  at  this  point 
overcomes  the  flywheel  effect  and  heavier  blows  ot  the  wooden  wheel 
rim  when  it  strikes  an  obstruction  in  the  roadway.  The  difference 
between  the  effect  of  shock  on  the  tires  of  a  wooden  wheel  with  a  heavy 
demountable  rim  at  its  periphery  and  the  wire  wheel  with  its  light 
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single  rim  is  equal  to  the  difference  between  a  blow  struck  with  a 
light  hammer  and  one  struck  with  a  hammer  weighing  six  or  eight 
pounds.  Obviously,  as  the  wheel  revolves  the  force  of  the  tire  strik- 
ing the  surface  of  the  road  is  almost  the  same  as  though  a  blow  were 
being  struck  against  the  tire 

With  the  wire  wheel  the  weight  is  suspended  from  seventy  com- 
mon points.  It  is  never  entirely  supported  on  one  spoke  in  com- 
pression as  is  the  case  with  a  wood  wheel.  When  an  obstruction 
is  met  it  is  like  striking  a  punching  bag  between  ropes  as  the  shock 
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Triple  and  Double 
Spoke  Constructioo. 


Fig.  213.— Outlining  Structural  Details  of  Wire  Wheels.     A— Arrange- 
ment  of  Spokes.     B — How  Spokes  are  Secured  to  Rim. 


is  absorbed  by  the  flexible  steel  members  joining  the  wheel  rim  to 
the  hub.  With  wooden  spokes  a  portion  of  the  shock  is  absorbed 
by  the  wood  but  a  large  part  of  it  is  transmitted  directly  to  the 
wheel  hub. 

Another  quality  of  equal  importance  is  the  ability  of  the  wire 
wheel  with  the  spokes  laced  tangent  to  absorb  the  shctek  of  starting 
or  sudden  application  of  power  in  the  plane  in  which  the  wheel 
rotates.    This  quality  is  absent  in  wood  wheel  construction. 
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A,  detachable  iaage.  Ho«k 
patent  quick  detachable  rink 

B,  hob  ahell,  detachable. 

C,  inner  hob  fixed  to  l>eaff> 

^D.'  flange  aiaiaat  which  tb* 
■heUfits. 


It  is  a  well  known  fact  that  the  friction  between  tire  and  road 
generated  in  driving  a  car  at  even  a  reasonable  sp^ed  results  in  quick 
and  excessive  heating  of  the  tire 
structure.  In  the  wood  wheel, 
which  serves  in  a  sense  as  insu- 
lation, there  is  a  very  slight 
ability  to  quickly  dissipate  heat. 
Wire  wheels  requiring  only  a 
thin  metallic  rim,  the  spokes 
serving  in  a  sense  as  cooling 
flanges,  will  dissipate  this  heat 
almost  as  quickly  as  it  is  gener- 
ated. This  results  in  keeping 
the  tire  at  almost  normal  tem- 
perature even  in  very  warm 
weather. 

The  wire  wheel  proi)erly  con- 
structed can  be  manufactured 
and  kept  so  nearly  true,  both 
laterally  and  circumferentially, 
that  it  practically  eliminates  all 
wear  other  than  that  resulting 
from  the  friction  of  a  perfectly 
true  revolving  wheel. 
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in  aumberrto  hold  hid»'ahell 

irom  turning  on  inner  hub. 

F    lock  nut  —  holds  d*. 

moantable  in  place. 

it  telf-tilhteniaiaad 

-it   removable  with 

■  imple   spanner 

wrench  or  ordinarjr 

tools. 


Fig.  214. — Construction  of  Rudge- 
Whitworth  Detachable  Wire 
Wheel. 


Q.     What  are  detachable  wheels  and  where  are  they  used? 

A.  Detachable  wheels  may  be  either  of  the  wire  wheel  pattern 
or  of  the  artillery  construction.  In  all  forms  of  detachable  wheels 
two  hubs  are  necessary,  an  inner  member  which  is  in  permanent 
assembly  with  the  axle  and  a  removable  outer  member  to  which  the 
spokes  and  rims  are  attached.  In  the  Rudge-Whitworth  construc- 
tion shown  at  Fig.  214  the  steel  shell  to  which  the  spokes  are  laced 
is  readily  removable  from  the  inner  member  or  hub  casting  proper. 
The  object  of  this  construction  is  to  permit  the  motorist  to  carry 
a  spare  wheel  with  a  fully  inflated  tire  so  that  in  event  of  puncture 
or  blowout  it  is  possible  to  remove  the  entire  detachable  wheel  as- 
sembly affected  and  replace  it  with  the  spare  member  carrying  the 
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fully  inflated  tire  which  has  been  provided  for  replacement  purposes. 
All  detachable  wheels  are  constructed  so  that  they  may  be  readily- 
removed  from  the  inner  hub  member  and  the  entire  wheel  assembly 
may  be  replaced  much  easier  and  quicker  than  replacing  the  ordin- 
ary form  of  tire. 

The  wheel  shown  at  Fig.  215  is  a  quick  detachable  form  normally- 
held  in  place  on  the  tapering  hub  shell  member  by  a  threaded  re- 


Pig.  215. — Tjrpical  American  Wire  Wheels  of  McCue  Design. 


tention  nut  and  which  is  driven  by  means  of  a  series  of  pointed 
driving  pins  riveted  to  a  flange  on  the  inner  hub  and  passing  through 
suitable  openings  in  the  outer  hub  shell  The  construction  of  front 
and  rear  wheels  is  practically  the  same,  except  that  the  inner  hub 
of  the  former  is  intended  to  revolve  on  the  steering  spindle  while 
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that  of  the  latter  is  keyed  to  the  driving  axle  and  revolves  on  a 
bearing  carried  by  the  driving  axle  housing. 

The  Rambler  detachable  wheel,  which  is  an  artillery  type,  ig 
shown  at  Fig.  216.  To  remove  this  member  it  is  necessary  to  un- 
screw six  nuts  which  serve  to  hold  the  wheel  against  the  flange 
on  the  inner  hub.  The  conventional  method  of  carrying  a  spare 
wheel  is  outlined  at  Fig.  217. 


Fig.  216. — The  Kamblcr  Detachable  Artillery  WheeL 

Q.     Are  spring  wheels  practical? 

A.  Various  forms  of  wheels  having  resilient  or  spring  like  mem- 
bers joining  the  wheel  rim  and  hub  have  been  devised  with  the  ob- 
ject of  doing  away  with  the  pneumatic  or  inflated  tire.  None  of 
these  have  proven  practical  on  account  of  their -greater  weight 
than  either  wire  or  wooden  spoke  forms  and  also  because  they  do 
not  prove  resilient  enough  except  at  very  low  speeds  to  replace  the 
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rubber  tire.  In  most  of  these  constructions  a  large  number  of 
springs  or  similar  yielding  members  are  employed,  and  as  there  is 
a  multitude  of  joints  to  wear,  the  wheels  are  very  noisy  in  action. 
In  addition  to  the  features  enumerated  the  construction  of  most 
spring  wheels  is  costly  and  complicated  and  often  the  failure  of 
one  or  two  of  the  resilient  members  interposed  between  hub  and 
rim  will  mean  a  loss  of  integrity  of  the  entire  assembly. 

Q.     What  are  the  functions  of  the  wheel  rim? 

A.  The  main  function  of  the  wheel  rim  in  automobile  wheels 
is  to  support  and  retain  the  tire  with  which  the  wheel  is  provided 
and  which  is  in  contact  with  the  roadway. 
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Q.     How  is  the  rim  secured  to  the  wheel? 

A.  The  method  of  securing  the  rim  to  the  wheel  depends  entirely 
upon  the  type  of  wheel  employed.  In  artillery  wheels  the  rim  is 
attached  to  the  wooden  felloe  by  being  shrunk  on  just  as  a  carriage 
tire  is  on  a  carriage  wheel  and  it  is  kept  from  moving  by  means  of 
bolts  passing  through  rim  and  felloe.  In  a  wire  wheel  the  rim  is 
secured  to  the  hub  by  means  of  the  spokes  which  complete  the  wheel 
assembly.  In  some  disc  wheels  and  those  made  by  the  process  of 
pouring  molten  metal  in  a  mould  the  rim  is  an  integral  part  of  the 
wheel. 

Q.     What  factor  determines  rim  design? 

A.  The  design  of  wheel  rims  depends  entirely  upon  the  type  of 
tire  to  be  used  and  this  in  turn  is  dependent  upon  the  character  of 
work  the  vehicle  is  expected  to  perform. 


WMMinMl 

Regular  Clincher  Rim 


Fig.  218. — Section  of  Regular  Pattern  Clincher  Rim. 

Q.     What  is  the  clincher  rim? 

A.  The  clincher  rim  is  the  simplest  form  used  on  pleasure  auto- 
mobile wheels  and  is  shown  at  Fig.  218.  It  consists  of  a  strip  of 
steel  rolled  to  the  section  shown  and  formed  into  a  continuous  ring 
which  encircles  the  wheel  felloe  or  to  which  the  spokes  of  a  wire 
wheel  are  attached  by  threaded  nipples,  as  previously  described. 
A  special  form  of  tire,  known  as  a  clincher,  having  two  beads  or 
flaps  that  fit  under  the  inwardly  turned  flanges  of  the  rim  with 
considerable  pressure  when  the  tire  is  fully  inflated,  must  be  used 
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with  this  type  of  rim.  The  clincher  is  a  very  popular  rim  on  light 
cars  and  motorcycles,  but  owing  to  the  trouble  that  obtains  in  re- 
moving large  clincher  tires  it  is  being  replaced  with  the  various 
quick  detachable  forms  on  the  heavier  cars. 

Q.     What  is  a  quick  detachable  rim? 

A.  In  a  chncher  rim  it  is  necessary  to  pry  the  casing  of  the  tire 
over  the  flanges  in  order  to  remove  it  from  the  rim.  Two  forms  of 
quick  detachable  rims  which  have  received  general  application  are 


Type  No.  2,  Universal  Qnick  Detachable  Rims 


Straiiht  Side  or  Dn^op  Type 


Clincher  Type 


End  of  Locking  Rin^s 


Fig.  219.— Typical  Quick  Detachable  Rim  Suited  for  Either  Dunlop 

Straight  Side  or  Regular  Clincher  Casing. 

shown  at  Fig.  219.  A  member  of  this  pattern  consists  of  a  main 
rim  that  encircles  the  wheel  felloe  and  two  removable  tire  retaining 
rings  and  a  locking  member.  The  universal  quick  detachable  rim 
illustrated  is  capable  of  holding  either  a  straight  side  tire  or  one 
provided  with  clincher  beads.  In  this  type,  when  a  tire  is  deflated, 
it  is  merely  necessary  to  remove  the  locking  ring  from  the  rim  and 
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then  the  outside  retaining  ring  can  be  slipped  off  of  the  wheel  rim 
and  the  tire  casing  pulled  off  in  just  the  same  manner  as  a  loose 
belt  off  a  pulley.  As  there  is  no  necessity  for  prying  the  tire  off  of 
the  rim  the  larger  sizes  are  much  more  easily  handled  than  are 
large  clincher  tires. 

Q.     What  are  demountable  rims? 

A.  A  demountable  rim  is  any  form  which  may  be  easily  removed 
from  the  wheel  if  desired  by  merely  removing  the  retaining  nuts. 
This  method  of  construction  makes  it  possible  to  carry  spare  rims 
with  fully  inflated  tires  in  place  so  that  minimum  time  is  required 
to  replace  a  defective  tire.  A  typical  demountable  rim  partially 
removed  from  the  wheel  is  shown  at  Fig.  220. 

Q.     What  are  "bolted-on"  rims? 

A.  "Bolted-on"  rims  are  the  forms  in  which  the  tire  is  held  in 
place  on  the  wheel  between  two  flanges  which  are  retained  by 
bolts  passing  through  the  flanges  and  the  wheel  felloe.  This  form 
of  rim  is  largely  used  for  solid  tires. 

Q.     Describe  construction  of  typical  demountable  rims. 

A.  A  typical  demountable  rim  is  outlined  at  Fig.  221.  As  will 
be  seen  it  consists  of  a  form  of  quick  detachable  rim  adapted  to  be 
locked  in  place  on  the  rim  carried  by  the  wheel  felloe  by  means  of 
a  double  locking  wedge  forced  under  the  tire  carrying  rim  by  a 
series  of  locking  bolts.     The  usual  number  of  locking  bolts  is  six 
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OD  a  twelve  apoked  wheel,  though  on  some  forms  of  cars  capable 
of  high  speeds,  it  is  thought  desirable  to  provide  one  bolt  between 
each  pair  of  spokes  instead  of  between  alternate  pairs. 

Q,  What  are  solid  tires  and  what  class  of  vehicles  are  they 
used  on? 

A.  Various  forms  of  solid  rubber  tires  are  shown  at  Fig.  222. 
These  consist  of  a  special  rubber  and  fabric  composition  moulded 
together  under  high  pressure  and  vulcanized  until  a  solid  ring  of 
resilient  material  is  obtained.  Solid  tires  axe  generally  used  on  heavy- 
motor  vehicles  intended  for  commercial  purposes.    As  a  rule  these 
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conveyances  travel  at  low  speeds  and  the  solid  rubber  tire  provides 
suiHcieut  resiliency  to  eliminate  a  large  part  of  the  road  shock  and 
protect  the  mechanism. 

Q.     Have  steel  tires  ever  been  used  on  motor  vehicles? 

A.  Steel  tires  have  been  tried  on  heavy  motor  vehicles  but  are 
not  suitable  on  account  of  their  lack  of  resiliency  and  poor  traction. 
They  are  only  applied  in  cases  where  extremely  heavy  loads  that 
would  be  greater  than  the  capacity  of  rubber  tires  are  carried  and 
on  extremely  slow  speed  conveyances  intended  for  use  on  soft  roada 
or  in  fields,  as  on  gas  tractors,  where  studs  or  cleats  may  be  placed 
on  the  rims  to  increase  traction. 
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Fig.  221.— Sectional  View  of  Demountable  Quick  Detachable  Rim. 

Q.     What  are  the  advantages  of  dual  tires? 

A.  On  heavy  motor  vehicles  where  the  types  of  solid  tires  out^ 
lined  at  Fig.  222would  not  have  sufficient  capacity  it  is  customary  to 
mount  two  of  these  tires  on  a  common  rim,  as  outlined  at  Fig.  223. 
This  provides  more  capacity  than  a  narrower  tire  used  singly  and  at 
the  same  time  has  important  advantages  over  using  a  single  wide 
tire  adapted  to  fit  the  wheel  rim.  The  wide  tires  are  hard  to  make 
and  unwieldy  to  handle.  The  use  of  two  tires  side  by  side  not 
only  provides  greater  resiliency  and  superior  traction  but  also  tends 
to  red'ice  side  slip  or  skidding.    In  event  of  damage  to  one  section 
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or  side  of  the  tire  it  is  necessary  to  replace  only  the  tire  affected  and 
in  an  emergency  should  one  tire  be  severely  cut  it  will  be  possible 
to  run  on  its  mate  until  the  garage  is  reached. 

Q.     What  are  the  features  of  sectional  or  block  tires? 

A.  When  a  continuous  solid  tire  is  used,  the  weight  of  the  ve- 
hicle tends  to  flatten  it  out  as  indicated  at  Fig.  224  and  this  is  called 
a  "traction  wave"  which  assists  to  produce  disintegration  of  the 
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Pig.  222. — Sectional  Views  of  Solid  Rubber  Tires  Showing  Methods  of 
Attaching  Jo  Wheel  Rim. 

tire  as  it  is  continually  stressed  at  the  point  of  contact  between  the 
wheel  and  the  ground.  In  the  upper  view  A  indicates  the  traction 
wave,  while  B  shows  the  point  at  the  base  of  the  tire  where  the 
tread  and  body  portion  tend  to  separate.  By  the  use  of  sectional 
or  notched  tires,  the  destructive  traction  wave  is  eliminated  because 
when  the  blocks  flatten  the  wave  passes  off  into  the  space  between 
two  blocks  as  indicated  at  .4  in  the  lower  view.  In  the  construction 
shown  the  base,  however,  is  continuous  to  insure  absorption  of  vi- 
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Fig.  224. — Showing  One  Advantage  of  Sectional  Block  Tire  Des^n 
Over  Continuous  Tread  Tjrpe. 

bration  in  every  direction  and  prevent  concentration  of  the  load 
on  one  portion  of  the  tire  as  would  be  the  case  if  separate  blocks 
were  used.  The  separate  block  construction,  however,  has  an  im- 
portant advantage  in  that  it  permits  of  replacing  one  or  more  de- 
fective blocks  without  necessitating  the  renewal  of  those  which 
have  not  been  so  severely  punished.  It  is  claimed  that  very  often  a 
one-piece  tire  will  be  so  badly  cut  or  bruised  at  one  point  that  it 
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will  have  to  be  removed  for  repairs  even  though  the  rest  of  the 
tread  is  not  affected.  In  a  sectional  or  block  tire  only  the  injured 
pension  would  have  to  be  replaced,  which  meMis  more  economical 
maintenance  because  of  easier  installation. 


A— Motz.      B — Swine- 


Q.  What  other  materials  besides  steel  and  rubber  have  been 
used  for  motor  vehicle  tires? 

A.  Experimental  tires  have  been  made  composed  of  wood  with 
the  fibers  or  gran  running  parallel  to  the  spokes  Mid  have  given 
satisfactory  service  in  ccrtMn  applications.  Various  textile  fabrics 
have  also  been  tightly  compressed  together  to  form  a  practically 
solid  mass  and  have  been  tested  and  found  satisfactory.  It  is  claimed 
that  wood  or  textile  fabrics  offer  a  greater  degree  of  resiliency  than 
a  steel  tire  and  have  a  traction  effort  or  friction  grip  on  the  ground 
equal  to  a  rubber  tire  operating  under  favorable  conditions.  It 
is  claimed,  also,  that  these  provide  superior  traction  to  rubber  in 
muddy  roads  or  on  wet  asphalt. 

Q.  What  is  a  cushion  tire  and  on  what  vehicles  are  they  com-, 
monly  used? 
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A.  Cushion  tires  are  a  composite  form  intended  to  provide  more 
resiliency  than  solid  tires  and  at  the  same  time  eliminate  the  troubles 
incidental  to  the  use  of  inflated  members.  Two  methods  of  obtain- 
ing a  cushion  effect  are  outlined  at  Fig,  225,  The  tire  shown  at  A 
is  a  twin  tread  form  composed  of  very  resilient  rubber  compound, 
provided  with  a  series  of  notches  cut  around  the  tread  as  indicated 
at  A  and  attached  to  the  rim  by  means  of  bridges  of  compound 
separated  by  air  spaces  B.  When  a  tire  of  this  construction  passes 
•over  an  obstruction  B,  it  can  deform  considerably  on  account  of 
derangement  of  tread  and  supporting  members  and  the  wheel  does 
not  ride  over  the  obstacle,  as  would  be  the  case  if  the  tire  did  not 


Fig.  226.— Typical  Cushion  Tires  Showing  How  a  Certain  Degree  of 
Kesiliency  May  Be  Obtained  Without  Air. 
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give  to  any  extent.  In  the  tire  shown  at  B,  the  resiliency  is  obtained 
by  breaking  up  the  mass  of  rubber  by  a  large  number  of  holes  which 
permit  of  greater  flexibility.  Cushion  tires  are  generally  used  on 
light  delivery  wagons  or  electric  automobiles.  They  are  suitable 
only  for  slow  or  moderate  speed  vehicles,  as  they  are  not  sufficiently 
resilient  to  cushion  the  mechansim  from  the  shocks  incidental  to 
high  speeds. 

Q.     What  is  an  "airless"  tire? 

A.  The  term  *' airless"  tire  is  synonymous  with  cushion  tire  and 
includes  all  forms  in  which  resiliency  is  obtained  by  peculiar  tread 
formation  or  air  substitute  filling  instead  of  by  compressed  air. 
Various  forms  of  airless  tires  are  shown  at  Fig.  226.  That  at  A 
is  the  simple  cushion  form  of  the  twin  tread  type  moulded  of  res- 
ilient rubber  compound.  The  form  at  B  is  known  as  the  Dayton 
''airless"  tire  and  resembles  the  conventional  form  of  clincher  cas- 
ing, the  exception  being  that  the  load  is  supported  by  means  of 
arches  of  very  resilient  rubber  separated  by  air  spaces  which  per- 
mit of  distortion  of  the  load  carrying  blocks.  It  is  claimed  that 
this  construction  offers  important  advantages  inasmuch  as  the 
tread  portion  can  be  made  of  a  tough,  wear  resisting  compound 
whereas  the  more  resilient  load  carrying  blocks  which  are  not  sub- 
jected to  ground  friction  can  be  made  of  softer  and  more  easily 
deformed  rubber  composition.  In  both  the  forms  shown  at  C  and 
Dj  the  pecul  ar  tread  formation  is  depended  on  for  resiliency. 

Q.     Why  are  pneumatic  tires  necessary  on  most  automobiles? 

A.  Pneumatic  or  air  filled  tires  are  used  on  most  automobiles 
because  it  has  been  demonstrated  that  the  air  cushion  is  the  best 
shock  absorbing  medium  known  and  the  only  one  that  is  capable 
of  taking  the  vibrations  following  in  rapid  sequence  when  a  car  is 
driven  at  speeds  over  fifteen  miles  per  hour.  Not  only  is  it  the 
easiest  riding  form  but  it  insures  longer  life  to  the  mechanism  and 
also  increased  traction  effect  on  practically  all  classes  of  road 
surfaces. 

Q.     W^hat  is  the  usual  construction  of  a  pneumatic  tire  ? 
A.     Two  forms  of  pneumatic  tires  are  outlined  at  Figs.  227  and 
228.    The  types  that  are  generally  used  on  automobiles  are  composed 
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vrf  two  main  portions,  an  outer  casing,  sometimes  called  the  shoe, 
which  is  subjected  to  the  road  wear,  adapted  for  fastening  to  the 
rim  either  by  means  of  beads  that  fit  in  rim  channels  as  shown  at 
Fig.  227  or  that  is  clamped  to  a  rim  between  retaining  rings  as 
shown  at  Fig.  228.  The  shock  absorbing  portion  of  the  tire  is  an 
inner  tube  of  almost  pure  rubber  inflated  with  air  but  protected 
from  contact  with  the  road  by  the  more  resistant  outer  casing. 
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Fig.  227. — Construction  of  Clincher  Tire  of  Double  Tube  Form. 

Q.    What  IS  the  outer  casing  composed  of? 

A.  The  outer  casing  of  most  automobile  tires  is  composed  of 
a  fabric  body,  which  is  made  of  layers  of  canvas  impregnated  with 
rubber  and  covered  by  a  padding  of  very  resilient  rubber  compo- 
sition.   On  top  of  this  padding  a  number  of  fabric  strips  are  placed, 
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these  being  called  "breaker"  strips,  and  these  in  turn  are  covered 
by  another  layer  of  tough  rubber  compound  called  the  "tread." 
The  fabric  layers  comprising  the  main  carcass  are  brought  around 
a  hard  rubber  filler  member  at  the  base  of  the  tire  to  form  the  beads 
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Fig.  228. — Showing  Construction  of  Fisk  Bolted-On  Tire. 


to  fit  in  the  clincher  rim.  While  the  outer  casing  is  built  up  of 
these  various  layers  of  rubber  compound  and  cotton  fabric  it  ia 
subjected  to  a  process  of  vulcanization  or  heat  treatment  which 
results  in  firmly  welding  or  cementing  the  various  cloth  and  rubber 
layers  into  one  unit  structure. 
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Q.  What  are  the  functions  of  the  tread,  breaker  strips,  car- 
cass, and  bead  of  casing  ? 

A.  The  tread  is  made  of  the  compound  of  rubber  and  various 
miners]  elements  designed  to  increase  its  toughness  and  resistance 
to  depreciation  resulting  from  abrasion  of  the  road  surfaces.  The 
breaker  strips  interposed  between  the  tread  and  the  padding  or 
cushion  are  depended  on  to  prevent  sharp  objects  from  penetratii^ 
through  the  main  fabric  carcass.  The  breaker  strips  usually  turn 
aside  many  of  the  puncturing  objects  that  penetrate  the  outer  tread. 
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Fig.  229. — Construction  of  Palmer  Cord  Tire  Outlined. 

The  padding  beneath  the  breaker  strips  is  a  cushion  of  very  resi- 
lient rubber  compound  while  the  carcass  really  forms  the  main 
body  and  inner  tube  retaining  portion  of  the  tire.  The  bead  on  the 
bottom  of  the  casing,  which  is  composed  of  a  hard  rubber  filler 
piece  around  which  a  number  of  plies  of  fabric  are  wrapped,  is  de- 
pended on  to  hold  the  tire  in  place  in  wheel  rim. 

Q.     Are  outer  casings  always  composed  of  fabric? 

A.  Outer  casings  are  not  always  built  up  exclusively  of  fabric 
and  rubber  materials,  sometimes  the  main  body  of  the  tire  is  formed 
by  winding  cords  around  the  layer  of  fabric  that  serves  as  a  basis 
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A. 
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upon  which  the  entire  tire  is  built.  A  partial  section  view  of  a  tire 
of  this  nature  is  shown  at  Fig.  229  and  it  will  be  evident  that  the 
layers  of  cord  are  separated  from  each  other  by  plies  of  friction 
fabric.  The  tread  and  padding  as  well  as  breaker  strips  are  put 
on  the  cord  carcass  in  just  the  same  manner  as  they  are  applied  ta 
a  fabric  structure.  Tires  of  this  construction  are  much  more  resi* 
lient  and  are  capable  of  giving  considerably  more  mileage  than  the 
stiflfer  form  comprised  entirely  of  fabric.  For  this  reason  they  are 
sometimes  used  on  electric  automobiles,  but  as  they  are  difficult 
to  repair  and  are  more  apt  to  become  punctured  than  the  stronger 
and  less  resilient  members  they  have  received  but  limited  appli- 
cation. 

Q.  How  do  outer  casings  of  various  makes  differ  in  con- 
struction? 

A.  The  general  design  of  practically  all  outer  casings  is  the  same 
though  there  are  minor  differences  of  structural  detail.  For  example^ 
some  makers  will  use  finer  fabric  'and  more  layers  than  others, 
and  each  manufacturer  has  his  own  specific  formulae  for  compound- 
ing rubber  to  the  best  advantage.  Some  tires  are  made  with  a 
straight  gdde  at  the  lower  end  instead  of  the  clincher  bead,  whereas 
others  are  adapted  to  be  secured  to  the  rim  by  means  of  bolts. 
There  are  also  differences  in  the  thickness  of  the  tread  and  of  the 
padding  and  breaker  strips.  Some  makers  build  their  tires  by  what 
is  known  as  the  moulded  process  while  others  favor  the  wrapped 
tread  construction.  In  the  first  mentioned  method,  after  the  vari- 
ous layers  of  material  of  which  the  tire  is  composed  are  assembled 
together  on  the  core,  the  assembled  tire  is  clamped  tightly  in  a 
mould  and  vulcanized.  In  the  wrapped  tread  construction,  instead 
of  curing  the  rubber  in  a  mould  the  finished  tire  assembly  is  wound 
tightly  with  narrow  strips  of  webbing  to  hold  the  parts  together 
while  the  curing  process  takes  place.  The  various  members  of 
which  the  tires  are  composed  are  vulcanized  by  being  heated  with 
steam,  and  sulphur  is  included  in  the  rubber  compounds  in  proper 
quantities  to  permit  them  to  become  firmly  welded  to  the  friction 
fabric  layers  between  which  they  are    placed. 
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Q.  What  is  the  advantage  of  a  smooth  tread  tire  and  under 
what  conditions  is  it  inadequate? 

A.  Smooth  tread  tires  are  simpler  to  make  and  cheaper  to  buy 
than  the  various  anti-skid  tread  types  and  are  the  most  suitable 
for  general  use  on  dry,  hard  roads.  They  have  superior  adhesion 
and  the  tread  will  wear  much  more  uniformly  than  do  ''rough 
tread"  tires.  One  disadvantage  of  the  smooth  tread  casing  is  that 
it  will  not  provide  sufficient  traction  on  slippery  roads  and  a  car  is 
apt  to  skid  more  under  these  conditions  than  if  it  is  provided  with 
rougher  or  irregular  tread  tires  which  have  a  better  grip  on  soft 
roads. 

Q.    What  are  features  of  various  "rough  tread"  tires? 

A.  The  most  important  feature  gained  by  the  use  of  rough 
treads  is  the  elimination  of  a  large  degree  of  skidding  and  more 
positive  traction  imder  certain  conditions  of  operation.  The  lead- 
ing t3rpes  of  anti-skid  tires  are  outlined  at  Fig.  230  and  it  wUl  be 
apparent  that  there  are  many  ways  of  obtaining  the  desired  end. 
For  the  most  part,  various  irregularly  shaped  projections  or  studs 
of  rubber  compound  are  moulded  on  the  tread,  these  varying  from 
simple  round  buttons  or  elongated  bars  to  more  complex  forms  com- 
posed of  stars  or  imitating  basket-weave  or  chains  and  one  maker  even 
goes  so  far  as  to  mould  a  series  of  letters  on  the  tread  which  imprints 
the  words  "Non-Skid"  in  mud  or  other  such  yielding  road  material. 
The  most  practical  forms  are  those  in  which  the  projections  are 
of  sufficient  size  to  prevent  rapid  wear. 

Q.    What  is  the  inner  tube,  and  of  what  material  is  it  made? 

A.  The  inner  tube  or  air  bag  of  the  tire  is  composed  almost 
entirely  of  pure  Para  rubber^  having  only  enough  sulphur  in  the 
composition  to  insure  the  proper  degree  of  curing.  The  inner  tube 
is  very  elastic  and  is  air  tight  and  can  be  inflated  to  several  times  its 
normal  diameter  without  danger  of  rupture.  It  is  not  suitable  to 
resist  wear  as  the  resilient  rubber  of  which  it  is  composed  would 
soon  be  destroyed  if  it  came  in  contact  with  the  road  surface  so  it 
is  protected  by  the  more  strongly  constructed  casing  or  shoe. 

Q.  W^hat  prevents  chafing  between  inner  and  outer  tire 
members  ? 
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A.  As  the  inner  tube  is  fully  inflated,  it  entirely  fills  the  space 
inside  of  the  outer  casing  and  there  can  be  but  little  relative  move- 
ment. In  order  to  prevent  chafing  it  is  customary  to  use  talcum 
powder  as  a  lubricant  to  prevent  friction  between  inner  and  outer 
members. 

Q.    What  are  tire  lugs  and  where  are  they  used? 

A.  When  clincher  tires  are  applied  to  heavy  cars  capable  of 
high  speeds  it  is  customary  to  supplement  the  natural  wedging  action 
of  the  fully  inflated  inner  tube  forcing  the  tire  beads  in  the  rim 
channels  by  means  of  security  bolts.  These  have  an  approximately 
Y-shape  and  are  depended  on  to  force  the  bead  firmly  into  the  rim 
channel  at  four  or  six  points  on  the  wheel  periphery.  The  shank 
portion  of  the  security  member  is  a  threaded  bolt  passing  through 
the  wheel  rim  and  felloe  and  screwed  in  place  by  a  wing  nut.  The 
head  portion  of  the  security  member  is  V  shape,  composed  of  rubber 
or  fabric  built  aroimd  a  central  metal  core  of  sufficient  size  to  bridge 
the  gap  between  the  two  beads  and  hold  them  firmly  into  the 
channel.  At  the  present  time  quick  detachable  tires  are  given 
preference  and  tire  lugs  are  seldom  used  because  the  lighter  cars 
using  clincher  tires  do  not  need  them. 

'Q.    What  is  the  life  of  outer  casings? 

A.  The  amount  of  service  received  from  an  outer  casing,  assum- 
ing that  it  is  made  of  proper  material  and  cured  in  a  careful  manner, 
depends  upon  many  conditions,  some  of  which  are  under  the 
direct  control  of  the  operator,  while  others  are  unavoidable.  The 
factors  of  car  weight  and  speed  are  important  and  casings  invari- 
ably last  longer  on  light,  moderate  speed  cars  than  they  do  on  heavy 
high  speed  vehicles.  On  heavy  touring  cars  a  casing  that  receives 
average  attention  is  considered  to  have  rendered  satisfactory  ser- 
vice if  the  tread  will  not  wear  down  to  the  fabric  until  2,000  to  3,000 
miles  have  been  covered.  On  lighter  cars  casings  have  been  known 
to  run  from  5,000  to  6,000  miles  without  becoming  weakened  suffi- 
ciently to  require  removal. 

Q.    What  precaution  must  be  taken  to  secure  proper  mileage? 

A.  Tire  makers  all  recommend  that  the  tires  be  examined  care- 
fully from  time  to  time  in  order  to  observe  a  few  simple  rules.    The 
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casings  should  be  looked  over  to  see  if  there  are  any  serious  cuts  or 
bruises  penetrating  to  the  fabric  and  allowing  water  to  find  its  way 
into  the  textile  material  and  cause  it  to  rot.  The  tires  should  also 
be  properly  inflated  as  it  is  claimed  that  fully  75%  of  all  tire  troubles 
outside  of  those  due  to  natural  depreciation  are  caused  by  insuffi- 
cient inflation  and  overloading  of  tires. 

Q.    What  are  the  best  tire  sizes  for  various  vehicle  weights?- 

A.  Each  size  of  tire  is  designed  to  carry  a  specified  weight 
and  as  many  times  cars  are  equipped  with  tires  which  are  barely 
up  to  the  requirements,  the  following  table  recommended  by  the 
U.  S.  Tire  Company  will  act  as  a  guide  to  enable  the  motorist  to 
see  if  the  proper  size  of  tire  has  been  provided  by  the  car  manu- 
facturer. The  cars  are  to  be  weighed  without  passengers  or  luggage 
and  each  end  of  the  car  is  to  be  weighed  independently  of  the  other. 
This  is  done  by  selecting  a  point  on  the  frame  midway  between  the 
two  axles,  and  marking  it  in  some  way  so  that  it  can  be  easily  dis- 
tinguished. The  front  end  of  the  car  is  then  run  on  the  usual  form 
of  heavy  platform  coal  or  hay  scale,  imtil  the  mark  indicating  the 
central  position  is  just  over  the  edge  of  the  scale.  This  weight  gives 
the  approximate  amount  to  be  carried  by  the  two  front  wheels. 
The  car  is  then  reversed  and  run  over  the  scales  until  the  rear  parts 
rest  on  the  platform.  This  weight  as  indicated  on  the  scale  beam 
shows  the  amount  of  load  carried  by  the  two  rear  wheels.  The  en- 
tire car  is  then  placed  on  the  platform  and  the  total  weight  taken 
to  see  how  it  checks  up  with  the  sum  of  the  two  previous  readings, 
which  thus  provides  an  approximately  accurate  check  on  the  cor- 
rectness of  the  first  trial. 

Tire  Sizes  and  Suitable  Loads, 

Rear  Weight  Front  Weight 

per  Wheel.  per  Wheel. 

28  X  23^ •.  .  .  225  lbs.  275  lbs. 


28  X  3  350 

30  X  3  375 

32  X  3  375 

28x3H 425 

30x33^ 450 


425 
450 
450 
500 
550 
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Front  Weight 
per  Wheel. 

675  lbs. 

600 


Bear  Weight 
per  Wheel. 

31x3^ 475  lbs. 

32  X  3>^  500    " 

33x3j^ 526 

34x3j^ 550 

36x3J^ 600 

30  x  4     626 

31 X  4     635 

32  X  4     650. 

33  X  4     675 

34  X  4     : 700 

35  X  4     735 

36  X  4     750 

40  X  4     850 

42  X  4     900 

32x4J^ 750 

34x4Ji 900 

35  X  41^ 935 

36  X  41^ 975 

37  X  4H 1010 

38  X  41^ 1050 

42x41^ 1200 

34  X  5     950 

36  x  5     1000 

36x5     1060 

37x6     1100 

39x5     1200 

43  X  5     1400 

37x5H 1150 

38x5M 1200 

Q.  Is  there  any  relation  between .  tire  size  and  inflation 
pressure? 

A.  There  is  a  very  definite  relation  between  the  amount  of  air 
pressure  for  the  various  sizes  of  tires.  As  a  rule,  the  larger  tires 
which  are  heavier  in  construction  and  are  depended  on  to  carry  the 
greater  weight  must  be  blown  up  to  a  greater  degree  than  the  smaller 
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700 
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800 

850 

875 
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1000 

1050 

960 
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1226 

1260 

1300 

1460 

1200 

1250 

1300 

1350 

1460 

1550 

1400 

1460 
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and  lighter  tires.  The  following  table  shows  the  proper  air  pressures 
for  various  sizes  of  tires.  A  simple  way  to  remember  these  pres- 
sures is  to  bear  in  mind  that  there  should  be  twenty  pounds  air  pres- 
sure for  each  inch  of  tire  diameter. 

Tire  Inflation  Table. 
2}/^  inch  tires 50  lbs. 


3 
4 
5 
6 


60  lbs. 

70  lbs. 

80  lbs. 

90  lbs. 
100  lbs. 
110  lbs. 
120  lbs. 


Q.    What  happens  if  tires  are  not  sufficiently  inflated? 

A.  If  tires  are  not  filled  with  the  proper  amoimt  of  air  they 
will  be  distorted  unduly  under  load  and  the  fabric  and  rubber  plies 
of  which  the  casing  is  composed  will  be  subjected  to  serious  bend- 
ing which  may  cause  the  various  layers  to  separate  from  each  other, 
this  weakening  the  casing. 

Q.     What  is  the  result  if  tires  are  too  highly  inflated? 

A.  If  tires  are  pumped  up  too  much  the  construction  is  subjected 
to  stress  that  it  was  not  designed  to  withstand  and  the  inner  tube 
will  *'blow  out"  through  any  weak  point  in  the  casing.  Hard  tires 
also  subject  the  mechanism  to  considerable  vibration  because  they 
are  not  suflSciently  resilient. 

Q.    Which  tire  should  be  larger,  the  front  or  rear? 

A.  As  a  rule,  the  greater  strain  is  taken  by  the  rear  tires  because 
these  members  carry  the  larger  portion  of  the  car  weight  and  in 
addition  are  depended  upon  to  furnish  traction  and  propel  the 
vehicle.  The  front  tires  on  most  cars  can  be  made  smaller  than  the 
rear  ones  if  desired,  because  they  are  called  upon  to  support  les» 
weight  and  are  not  subjected  to  the  wear  resulting  from  skidding, 
driving  stresses  and  braking  reaction. 
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Q.    Why  axe  tires  usually  made  the  same  size  on  automobiles  ? 

A.  It  is  common  practice  to  make  the  front  and  rear  wheels 
the  same  size  on  most  American  cars  because  there  is  very 
little  difference  possible  between  front  and  rear  shoes  with  the 
average  weight  distribution.  If  two  different  sizes  of  tires  are 
used,  one  must  carry  two  spare  casings  and  two  different  sizes  of 
inner  tubes  to  make  satisfactory  repairs.  Then  again,  there  is  no 
way  of  equalizing  the  wear  on  the  tires.  If  the  casings  are  the  same 
size,  the  front  tires  may  be  used  to  replace  the  weaker  rear  shoes 
and  these  members  in  turn  transferred  to  the  front  wheels  after  a 
car  has  been  in  operation  for  a  time.  Rear  tires  invariably  wear 
faster  than  front  ones,  so  that  after  they  have  worn  to  a  point 
where  they  are  considered  weak  for  the  rear  wheels  they  may  have 
ample  strength  for  the  lighter  duties  at  the  front  end  of  the  car 
and  the  front  tires,  which  are  in  better  condition,  may  be  placed 
on  the  rear  wheels. 

Q.     How  is  air  introduced  in  inner  tubes? 

A.  Air  is  usually  pumped  into  the  inner  tubes  by  hand  or  power 
operated  air  pumps  of  a  portable  pattern  that  is  carried  as  part  of 
the  equipment  of  the  car.  A  simple  form  of  check  valve  is  used 
at  the  tube  that  permits  one  to  pump  air  into  the  tire  but  which 
seats  automatically  by  pressure  from  within  the  tube  to  prevent 
air  from  escaping. 

Q.     Are  there  any  substitutes  for  air? 

A.  Various  compounds  have  been  devised  that  are  intended  to 
be  introduced  into  inner  tubes  or  outer  casings  to  take  the  place 
of  air  but  none  of  these  are  practical  because  they  are  not  sufficiently 
resilient  and  many  of  them  are  compounds  that  are  actually  injur- 
ious to  the  rubber  of  which  the  tire  is  composed.  Some  of  these  are 
affected  by  heat  while  others  will  flatten  out  at  the  point  of  contact 
between  the  tire  and  the  ground  if  the  car  is  left  standing  for  any 
length  of  time. 

Q.  What  are  puncture  proof  pneumatic  tires  and  how  are 
they  made? 

A.     Various  attempts  have  been  made  to  devise  puncture  proof 
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pneumatic  tires  by  using  leather  or  leather  and  metal  treads  applied 
to  the  tires  of  the  conventional  pattern  or  to  imbed  a  series  of  metal 
discs  overlapping  each  other  like  scales  on  a  fish  in  the  tread  of 
a  tire  before  this  is  cured.  Most  of  these  tires  have  a  grave  defect 
of  generating  considerably  heat  while  in  use  and  owing  to  the 
stifiFness  of  the  composite  metal  and  leather  or  metal  and  rubber 
tread  much  resiliency  is  sacrificed. 


LESSON  TWENTY-PIVE 

AUTOMOBILE  BEARINGS  AND  THEIR  CARE 

Q.    What  are  the  functions  of  a  bearing? 

A.  Bearings  are  used  to  support  the  various  revolving  shafts 
that  are  called  upon  to  transmit  power  from  one  part  of  the  motor 
car  to  the  other  and  are  needed  to  support  rotating  parts  of  all 
machines. 

Q.     Name  principal  types  of  bearings. 

A.  Bearings  may  be  divided  into  two  general  classes,  plain  and 
anti*friction  types. 

Q.    Where  are  plain  bearings  used? 

A.  At  the  present  time  the  use  of  plain  bearings  is  confined  prin- 
cipally to  the  power  plant  and  various  unimportant  points  on  the 
motor  car  chassis. 

Q.     Why  are  anti-friction  bearings  utilized? 

A.  Considerable  power  is  absorbed  at  the  bearing  points  when 
a  shaft  runs  in  a  plain  journal  or  bushing  because  considerable 
friction  is  present  due  to  the  sliding  of  the  surfaces  over  each  other. 
With  bearings  of  the  anti-friction  t3np6s  rolling  friction  is  substi- 
tuted for  slidmg  friction  and  much  less  power  is  absorbed. 

Q.  Where  are  anti-friction  bearings  used  in  preference  to 
plain  journals? 

A.  Anti-friction  bearings  are  used  at  practically  all  points  of 
the  mechanism  where  it  is  desirable  to  employ  bearings  that  will 
not  need  continual  attention  and  lubrication  and  that  will  absorb 
but  very  little  power  when  subjected  to  heavy  loads.  Anti-friction 
bearings  will  carry  stresses  without  depreciating  that  would  soon 
produce  deterioration  of  the  most  efficient  plain  journals. 
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Q.    What  materials  are  used  in  making  plain  bushings? 

A.  The  shafts  used  in  motor  ear  construction  are  generally 
of  steel  and  the  surrounding  boxes  or  bushings  of  parts  that  have 
severe  duties  to  perform  are  generally  of  bronze,  Babbit  metal, 
or  other  anti-friction  metals  of  this  nature. 

Q.  What  precaution  is  essential  to  insure  continued  service 
from  plain  bearings? 

A.  The  bushings  or  boxes  of  a  plain  bearing  must  be  accurately 
fitted  to  the  shafts  they  are  to  bear  against,  yet  must  havesufficient 
space  to  provide  a  film  of  oil  between  the  working  surfaces.  Posi- 
tive means  of  supplying  lubricant  must  be  used  because  it  is  really 
the  film  of  oil  between  the  two  surfaces  that  acts  as  a  friction  reducer 
and  makes  the  plain  bearing  practical. 

Q.    What  causes  overheating  of  plain  bearings? 

A.  Overheating  of  plain  bearings  is  generally  due  to  lack  of 
lubrication  or  the  use  of  poor  lubricant.  If  the  bearings  have  just 
been  refitted  the  overheating  may  be  caused  by  a  binding  due  to 
too  intimate  contact  between  the  bushings  and  the  shaft  they  en- 
circle, which  does  not  permit  the  introduction  of  an  oil  film  to  absorb 
the  heat  generated  by  friction. 

Q.  Why  are  soft  metal  be^ings  more  suited  than  hard 
bronze  bushing  for  general  use? 

A.  The  use  of  soft  metals,  such  as  Babbit  or  white  brass  is 
preferred  by  many  designers  because  these  not  only  have  superior 
friction  reducing  qualities  in  themselves  but  have  a  low  enough 
melting  point  so  that  if  lubrication  fails  and  friction  heat  is  developed 
the  metal  lining  of  the  bearing  will  run  and  will  not  injure  the  shaft. 
With  hard  metal  such  as  bronze  any  impurities  or  abrasive  matter 
in  the  oil  will  produce  rapid  cutting  of  the  surfaces  and  if  a  bearing 
heats  up  it  will  not  only  score  the  bushings  but  will  cut  deep  grooves 
in  the  shaft  journals  which  are  usually  costly  to  repair.  New  white 
metal  linings  may  be  easily  inserted  because  the  shaft  is  not  dam- 
aged. Soft  metal  boxes  are  also  easier  to  fit  to  a  shaft  and  will 
adapt  themselves  better  to  irregularities  on  the  journal  surface 
than  will  the  hard  material.    Hard  bronzes  or  hardened  steel  bush- 
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Q.    Describe  "scraping  in"  bearings. 

A.  The  process  of  scraping  bearings  is  a  simpie  though  tedious  one 
that  requires  some  degree  of  mechanical  ekill.  The  shaft  to  be  fitted 
in  the  boxes  b  covered  with  a  light  film  or  coating  of  Prussian  blue 
or  other  pigment  and  is  allowed  to  rest  in  the  box  and  then  revolved. 
Any  high  spots  in  the  bearing  will  scrape  the  blue  from  the  shaft 
and  the  color  indicates  the  points  on  the  bushing  that  contact  with 
the  shaft.    When  the  shaft  is  first  inserted  in  the  box  it  may  bear 
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Fig.  231A. — Engine  Main  Bearing  of  Plain  Bushing  Type. 

at  only  one  or  two  points.  These  are  eliminated  by  sharp  hardened 
steel  instruments  having  cutting  edges  that  scrape  away  the  high 
spots.  The  bearing  is  tested  after  every  scraping  operation  with 
the  piece  of  shaft  it  is  to  encircle  and  it  has  been  scraped  to  a  suitable 
fitted  surface  when  the  shaft  bears  practically  in  the  entire  bushing, 
which  condition  is  reached  when  the  blue  color  is  distributed  uni- 
formly over  the  surface  of  the  bushing.    The  white  metals  are  easier 
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to  scrape  than  the  bronzes  and  for  this  reason  are  widely  used  where 
bearings  must  be  fitted  by  this  process. 

Q.    Name  principal  types  of  anti-friction  bearings. 

A.  Anti-friction  bearings  are  those  in  which  rolling  friction  is 
substituted  for  sliding  friction  and  are  shown  clearly  at  Fig.  231. 
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Fig.  231. — Representative  Types  of  Anti-Friction  Bearings. 

Ail  anti-friction  bearings  may  be  divided  into  two  general  classes^ 
those  employing  balls,  as  shown  at  A  and  B,  and  the  other  types 
which  use  rollers  to  support  the  load  as  shown  at  C  and  D. 

Q.     Name  principal  forms  of  roller  bearings. 

A.    The  principal  types  of  roller  bearings  that  have  received 
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general  application  are  clearly  outlined  at  Fig.  232.  The  forms 
shown  at  A  and  B  utilize  straight  rollers,  those  in  bearing  A  are 
solid  stock  while  those  in  bearing  B  are  flexible  hollow  members. 
The  type  at  C  uses  solid  rollers  that  have  an  upturned  flange  fitting 
suitable  recesses  in  the  inner  and  outer  races  designed  to  hold  the 
parts  in  engagement  if  the  bearing  is  subjected  to  an  end  thrust. 
The  type  at  D  is  a  very  popular  form  employing  tapered  rolls  and 
is  capable  of  working  eflSciently  under  an  end  thrust  that  could 
not  be  adequately  resisted  by  bearings  using  straight  rolls. 

Q.     Name  principal  types  of  ball  bearings. 

A.  The  principal  types  of  ball  bearings  are  shown  at  Fig.  233. 
That  at  A  is  a  cup  and  cone  form  patterned  somewhat  after  bear- 
ings that  have  received  wide  applications  in  bicycles  and  numerous 
other  light  machines.  This  bearing  has  an  angular  contact  and  is  a 
combined  radial  and  thrust  bearing.  That  shown  at  5  is  a  single 
row  annular  form  having  a  vertical  load  line  and  is  used  princi- 
pally for  radial  loads.  That  shown  at  C  is  a  thrust  bearing,  while 
that  outlined  at  Z)  is  double  row  form  capable  of  taking  loads  from 
any  direction.  The  bearing  at  A  is  more  suited  for  angular  loads 
than  any  other  while  those  at  B  and  C  are  suited  for  radial  and 
thrust  loads  respectively.  The  bearing  at  D  will  take  either  radial 
or  thrust  stresses. 

Q.     What  loads  are  bearings  subjected  to? 

A.  Bearings  of  all  types  are  subject  to  three  main  loads  as  clearly 
outlined  at  Fig.  234.  These  in  order  of  their  importance  are  radial 
load,  angular  load,  and  end  thrust. 

Q.    Define  radial  load. 

A.  A  radial  load  is  one  that  is  exerted  in  a  straight,  vertical 
line  at  right  angles  to  the  horizontal  center  line  of  the  shaft. 

Q.    What  is  an  angular  load? 

A.  An  angular  load  is  one  composed  of  radial  and  end  thrust 
components  and  is  applied  at  an  angle  instead  of  radially  or  paral- 
lel to  the  shaft  axle. 

Q.    Define  a  thrust  load. 

A.  Any  force  applied  in  a  direction  parallel  to  the  shaft  axis  is 
termed  ^'end  thrust." 
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Q.  How  is  thrust  resisted 
when  plain  radial  bearings 
are  used? 

A.  If  plun  radial  bearings 
of  the  annular  ball  or  strught 
roller  type  are  used  at  a  point 
subj  ected  to  end  thrust  as  well 
it  ris  necessary  to  supplement 
these  bearings  with  a  ball 
thrust  member,  as  shown  at 
Fig,  233-C  designed  especially 
for  this  purpose. 

Q.  What  type  of  roller 
bearings  can  resist  thrust  and 
radial  load  ? 

A.  A  roller  bearing  of  the 
tapered  roll  form,  as  outlined 
at  Fig.  232-D,  is  capable  of 
resisting  end  thrust  as  well  as 
radial  loads  but  the  thrust 
must  be  applied  in  a  direction 
that  will  tend  to  force  the 
bearing  parts  more  closely 
together  as  shown  at  Fig. 
235-B.  With  a  bearing  of  the 
straight  roller  form  as  at  Fig.  235-A  any  load  applied  in  a 
direction  parallel  to  the  roll  or  race  surface,  as  indicated  by 
the  arrows,  will  tend  to  force  the  bearings  apart  unless  resisted 
by  some  form  of  thrust  bearing.  With  the  form  of  bearing  shown 
at  B,  if  the  cup  or  outer  member  is  held  and  the  load  is  exerted 
against  the  cone  or  inner  member  it  will  tend  to  force  the  rolls  more 
tightly  between  the  races  and  this  prevents  further  movement. 


Pig,  234. — Showing  Character  and 
Direction  of  Loads  Bearings  May 
Be  Subjected  To. 


Q.     What  sii 
as  radial  load? 


iple  type  of  ball  bearing  can  take  thrust  as  well 


k.     The  cup  and  cone  type  of  ball  bearing  having  an  uigular 
J  line  outlined  at  Fig.  233  corresponds  to  the  tapered  roller  bear- 
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ing  inasmuch  as  it  is  capable  of  withstanding  a  one-direction  thrust 
as  well  as  a  radial  load.  As  is  true  of  the  tapered  roll  member  the 
load  must  always  be  applied  in  a  direction  tending  to  bring  the 
parts  of  the  bearing  into  more  intimate  contact. 

Q.  Can  a  unit  bearing  be  made  to  take  end  thrust  from  both 
directions  and  sustain  a  radial  load  as  well? 

A.  The  double  row  bearing  outlined  at  Fig.  233-D  is  an  assembly 
composed  of  two  cup  and  cone  bearings  having  a  common  inner  racs 
member  with  independent  cup  members  securely  held  by  a  steel 


Fig.  235.— Showing  How  Taper  RoUer  Bearing  Ckn  Stand  End  Thrust. 


shell  and  is  capable  of  taking  a  load  from  any  direction.  As  the  load 
lines  are  at  an  angle  and  diverge  from  the  center  line  of  the  bearing 
a  load  applied  from  any  direction  cannot  produce  disassembly  of 
the  parts.  A  radial  load  will  be  taken  by  both  rows  of  balls,  while 
a  thrust  load  from  either  direction  will  be  resisted  by  the  outer 
race  and  ball  opposite  the  point  of  application,  assuming  that  the 
outer  race  is  held  against  an  abutment  or  shoulder  in  the  housing 
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while  the  load  is  applied  to  the  cone.  If  the  cone  or  inner  member 
is  held  against  a  shoulder  on  a  shaft  and  the  load  is  applied  to  the 
outer  race  it  will  be  resisted  by  the  row  of  balls  nearest  the  line  of 
thrust. 

Q.  How  does  angularity  of  load  affect  radial  and  thrust 
capacity? 

A.  The  angularity  of  the  load  line  of  a  bearing  affects  radial 
and  thrust  capacity  depending  upon  the  angle  the  load  line  assumes 
with  the  horizontal  or  vertical  center  lines  of  the  bearing.  As  a 
bearing  with  a  vertical  load  line  has  the  greatest  radial  capacity 
and  practically  no  thrust  resistance  and  one  with  a  horizontal  load 
line  has  the  greatest  thrust  capacity  and  practically  no  radial  ca- 
pacity it  will  be  apparent  that  as  the  load  line  approaches  the  vertical 
the  radial  capacity  increases  and  the  thrust  capacity  decreases 
and  vice  versa, 

Q.    What  are  the  principal  types  of  straight  roll  bearings? 

A.  Straight  roll  bearings  may  be  divided  into  two  principal 
types,  those  having  solid  rollers  and  others  utilizing  flexible 
members. 

Q.     Outline  features  of  solid  and  flexible  rollers. 

A.  A  solid  roll  bearing  must  use  a  short  roll  in  order  to  prevent 
distortion  and  deflection  of  rolls.  If  long  solid  rollers  are  used  they 
are  apt  to  break  if  the  load  is  not  applied  evenly  along  their  entire 
length  because  as  the  roll  flattens  slightly  under  load,  one  end  will 
^rcnd  to  travel  faster  than  the  other  and  this  produces  friction  be- 
tween the  rolls  and  the  retaining  cage.  The  capacity  of  a  solid 
roll  is  greater  than  that  of  a  flexible  member  outlined  at  Fig.  236 
but  it  is  contended  by  adherents  to  the  flexible  roller  construction 
that  this  type  adapts  itself  more  readily  to  irregularities  in  shaft 
contour  and  thus  turns  with  less  friction  than  do  the  solid  rolls. 

The  flexible  roller  bearings  are  made  in  two  types,  that  outlined 
at  A  Fig.  226  being  the  regular  pattern  in  which  long  steel  rolls 
are  used  while  that  at  B  which  is  termed  the  ''high  duty"  type 
uses  shorter  rolls  of  high  tensile  strength  alloy  steel  and  accurately 
ground  inner  and  outer  race  members.     In  the  regular  long  roll 
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Fig.  236. — Outlining  Construction  of  Hyatt  Flexible  Roller  Beuings. 


pattern  the  shaft  itself  is  intended  to  form  one  bearing  surface  and 
as  this  is  generally  soft  the  rolls  must  be  long  in  order  to  distribute 
the  load  over  more  surface.  Another  advantage  of  moment  for  the 
flexible  roller  bearings  as  opposed  to  the  solid  roller  type  is  the  way 
the  rolls  are  formed  by  winding  a  narrow  strip  of  flat  steel  around 
a  mandrel  to  provide  a  space  between  the  convolutions  that  acts 
as  a  very  efficient  oil  carrier  as  it  rotates.  Alternate  rollers  are 
wound  with  right  and  left  spirals  so  the  oil  will  not  be  forced  clear. 
of  the  bearings  but  will  be  constantly  circulated  from  one  side  to 
the  other. 
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Q.     What  is  the  difference  between  a  ball  and  roller  bearing 
and  which  has  the  most  friction? 

A.  In  either  ball  of  roller  bearings  the  effect  of  the  load  ia  to 
flatten  the  supporting  members  a  very  small  amount  so  that  in  a  • 
roller  bearing  the  contact  between  the  roll  and  the  raceway  may 
be  represented  by  a  rectangle  having  a  length  equal  to  the  roll 
but  a  width  so  small  that  it  is  usually  considered  a  line  contact. 
In  a  ball  bearing  the  flattening  of  the  ball  produces  an  ellipse  of  such 
small  area  that  it  is  usu^ly  considered  a  point  of  contact.    As  the 
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Fig.  237.— Parts  of  Tjrpical  Single  Row  Call  Bearing, 

reduction  of  friction  depends  upon  the  amount  of  surface  in  contact 
it  can  be  readily  understood  that  the  form  having  the  least  amount 
of  contact  would  have  less  friction  than  the  other  though  its  capac- 
ity would  also  be  lower  than  that  of  a  roll  of  equal  diameter  but 
having  contact  along  the  entire  length.  Ball  bearings  are  generally 
employed  where  it  is  desirable  to  reduce  friction  to  a  minimum  and 
where  bearings  must  attain  high  speed.  Roller  bearings  have  been 
widely  applied  where  bearings  of  relatively  small  diameter  but  of 
large  carrying  ci^acity  must  be  used,  where  the  shafts  revolve  at 
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comparatively  low  speed  and  where  maximum  bearing  efficiency 
is  not  important. 

Q.     Name  important  parts  of  any  anti-friction  bearing. 

A.  The  important  parts  of  an  anti-friction  bearing  of  the  roller 
form  are  shown  at  Fig.  236-B,  while  those  of  ball  bearmgs  of  the 
radial  and  double  row 
types  are  outlined  at 
Figs.237and238.  The 
principal  parts  are  an 
inner  race,  a  number 
of  supporting  anti- 
friction or  rolling 
elements,  a  suitable 
cage  or  separator  to 
contain  them  and  an 
outer  race  to  act  as 
path  for  the  rolls  or 
balls. 

Q.  Why  is  the 
separator  or  cage 
necessary  P 

A,  A  ball  or  roller 
bearing  may  be 
made  of  the  full 
type,  i.  e.  propor- 
tioned so  that  prac- 
tically no  space  shall 
exist  between  the  balls 
or  rollers.  This  intro- 
duces an  undesirable 
element    o  f    friction, 

due  to  the  rubbing  of  one  revolving  member  agamst  its  neighbor, 
so  most  anti-friction  bearing  designers  provide  a  cage,  container 
or  separator,  that  is  depended  on  to  separate  the  rolls  or  balls  from 
each  other. 


Pij.  238. — Important  Components  of  Double 
Row  Ball  Bearing 
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Q.     What  are  separators  made  from? 

A.  The  design  of  the  separator  and  the  function  it  is  intended 
to  perform  determine  the  materials  to  be  used  in  its  construction. 
A  cage  or  retainer  that  is  depended  on  to  carry  the  balls  or  rolls 
and  not  to  actually  keep  them  separated  from  each  other  may  be 
made  of  stamped  steel  while  those  forma  that  are  intended  to  sep- 
arate and  guide  rolling  members  usually  pocket  them  in  an  oil 
filled  individual  chamber  for  each  member  and  are  generally  die 
cast  of  bronze  or  white  metal. 


Q,  What  other  function  besides  separating  the  balls  or  rolls 
must  the  separator  perform  in  a  "take  down"  bearing? 

A.  In  a  bearing  of  the  cup  and  cone  or  taper  roller  type  the 
separator  also  acts  as  a  retainer  to  prevent  the  rolling  elements 
coming  out  of  place  if  the  bearing  is  taken  apart. 

Q.  Are  annular  radial  type  ball  and  roller  bearings  adjus- 
table for  wear? 

A.  Annular  ball  bearings  having  vertical  load  lines  and  roller 
bearings  having  straight  rolls  are  not  adjustable  for  wear. 
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Q.  How  is  the  factor  of  deterioration  made  negligible  in  an- 
nular bearings? 

A.  Annular  bearings  of  the  non-adjustable  type  are  very  ac- 
curately constructed  and  are  made  of  materia]  having  a  high  elastic 
limit  and  great  strength.  As  there  is  but  little  friction  between  the 
highly  finished,  accurately  machined  and  fitted  parts  of  a  well 
made  annular  bearing  there  will  be  practically  no  wear  and  if  the 
bearing  is  not  overloaded  and  is  properly  lubricated  the  factor  of 
depreciation  will  be  negligible. 


Fig.  240. — Front  Hub  With  Timken  Roller  Bearings. 

Q.  What  advantages  have  "take-up"  bearings  over  the 
straight  radial  tjrpe,  and  wherein  are  the  latter  superior  to  the 
former? 

A.  When  cup  and  cone  ball  bearings  as  outlined  in  a  front 
hub  at  Fig.  239  or  tapered  roller  bearings  as  shown  at  Fig.  240  are 
used  it  is  possible  to  take  up  any  looseness  existing  between  the  parts 
by  screwing  up  on  an  adjusting  nut  that  will  bring  the  cone  or  inner 
member  closer  to  the  outer  member  which  effectively  eliminates  K)st 


4J6 


Questions  and  Answers 


motion.  Bearings  of  this  type  may  be  easily  removed  for  inspec- 
tion and  can  ^waya  be  adjusted  by  an  experienced  person  so  they 
will  turn  with  minimum  friction  and  with  absolutely  no  lost  motion. 
When  used  in  front  hubs  in  the  manner  indicated  the  combination 
of  the  two  bearings  which  have  diverging  load  lines  from  the  center 
produces  a  hub  mounting  capable  of  withstanding  end  thrust 
from  either  direction  and  support  a  radial  load  as  well.  Bearings 
of  the  straight  radial  type  would  not  be  suited  for  this  application 


Fig,  241. — Gearbox  With  Shafts  Mounted  on  Roller  Beanngs 


unless  supplemented  by  forms  capable  of  taking  end  thrust.  A 
disadvantage  of  some  moment  sometimes  advanced  agamst  the 
adjustable  form  of  anti-friction  bearmgs  is  that  these  may  be  ad- 
justed too  tightly  or  not  tight  enough  by  an  inexperienced  mechani- 
cian or  novice  motorist  and  the  bearings  be  subjected  to  shocks  and 
stresses  that  they  were  not  designed  to  withstand,  the  result  would 
be  rapid  depreciation  and  considerable  friction  at  a  point  where 
this  should  properly  be  eliminated.  When  using  annular  non-ad- 
justable forms  of  bearings  these  are  received  from  the  specializing 
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manufacturer  as  a  perfectly  adjusted,  free  miming  unit  which  can- 
not be  varied  because  no  provision  is  made  for  changing  the  ad- 
justment provided  by  the  mwiufacturer.  The  non-adjustable 
type  is  practically  a  "fool  proof"  bearing, 

Q.  Name  parts  of  automobiles  where  radial  loads  only  are 
present. 

A,  Radial  loads  are  present  only  in  certun  portions  of  the 
engine  and  gearset  of  the  average  automobile.    In  most  cars  the 


Fig.  242.— Three  Sp«ed  Gearset  Using  Ball  Bearings. 


connecting  rod  and  crankshaft  bearings  are  not  subjected  to  thrust 
and  the  countershaft  and  main  shaft  of  the  gearset,  unless  this 
is  incorporated  as  part  of  the  rear  axle,  are  subjected  to  practically 
only  radial  stress.  In  the  illustration  at  Fig.  241  the  use  of  flexible 
roller  bearings  on  the  countershaft,  subjected  to  practically  only 
radial  loads,  is  outlined,  while  in  Fig.  242  the  application  of  single 
row  annular  ball  -bearings  in  a  similar  capacity  is  shown.  In  this 
form  of  gearset  wiiich  is  intended  for  attachment  directly  to  the 
rear  axle  the  bevel  drive  pinion  b  attached  to  and  revolves  with  the 
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transmission  main  shaft.  As  a  thrust  load  is  present  at  this  point,  in 
the  gearbox  shown  at  Fig.  241  the  rear  end  of  the  shaft  is  supported 
by  a  pEur  of  tf^ered  roller  bearings  while  at  Fig.  242  one  double 
row  b^-bearing  performs  the  same  function. . 
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Fig.  243. — Differential  and  Driving  Gear  Assembly  Supported  by  Ball 
Bearings. 

Q.     At  what  point  is  considerable  thrust  present? 

A.  Considerable  end  thrust  in  addition  to  radial  load  is  present 
at  the  front  wheels  of  an  automobile,  at  the  worm  or  bevel  driv- 
ing gearing  and  at  the  rear  wheels. 

Q.     What  types  of  bearings  are  suited  for  these  points? 

A.     As  previously  explained  bearings  adapted  to  resist  end  thrust 
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and  radial  load  should  be  used  at  all  points  where  the  load  is  really 
an  angular  resultant  of  radial  and  thrust  components. 

The  bevel  gear  drive  and  differential  assembly  shown  at  Fig.  243 
is  mounted  on  double  row  ball-bearings  which  are  capable  of  tak- 
ing loads  from  all  directions.  These  are  used  to  support  the  differ- 
ential casings  to  which  the  ring  gear  is  attached  as  well  as  to  take 
the  main  thrust  load  back  of  the  bevel  drive  pinion. 

Two  forms  of  rear  wheels  are  shown  at  Fig.  244,  that  at  A  is  the 
hub  of  a  wire  wheel  for  pleasure  car  service  in  which  the  load  is 
carried  by  ball-bearings  of  the  adjustable  cup  and  cone  pattern. 
The  heavy  truck  wheel  outlined  at  B  is  mounted  on  a  combination 
of  single  and  double  row  bearings.  The  double  row  member  is 
clamped  so  it  takes  the  major  part  of  the  radial  load  and  all  of  the 
thrust.  The  single  row  bearing,  which  is  restrained  only  at  the 
inner  race,  takes  radial  stresses  solely. 

Q.     Can  a  radial  ball  bearing  take  thrust,  and  how  much? 

A.  While  the  regular  single  row  annular  bearing  having  a  ver- 
tical load  line  is  not  recommended  to  take  end  thrust  it  is  capable 
of  successfully  resisting  end  thrust  equivalent  to  25%  of  its  radial 
capacity. 

Q.  Name  the  three  important  American  roller  bearings  and 
describe  them. 

A.  Three  *  roller  bearings  developed  in  America,  where  the 
perfection  of  this  form  of  bearing  has  been  carried  to  a  fine  pointy 
are  the  Timken,  Hyatt,  and  Bower.  All  other  forms  are  practi- 
cally modifications  of  these  three  main  types.  The  Timken  roller 
bearing  is  a  form  employing  tapered  rollers  which  we  have  previously 
described,  the  Hyatt  uses  the  flexible  plain  rollers,  while  the  Bower 
employs  a  straight  roller  with  an  upturned  locating  flange.  The 
taper  roller  can  take  end  thrust  and  radial  load  while  the  flexible 
roller  is  suited  only  for  radial  stresses. 

Q.  What  is  the  conventional  method  of  installing  anti-fric- 
tion bearing  inner  members? 

A.  The  inner  races  of  anti-friction  bearings  are  usually  machined 
so  closely  to  standard  sizes  that  various  makes  will  interchange 
without  difficulty.    The  shafts  to  which  these  races  are  fitted  should 
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be  machined  with  equal  accuracy  and  should  be  just  enough  smaller 
than  the  bearing  bore  so  that  inner  race  will  be  an  easy  push  fit  on 
the  shaft.  It  is  customary  to.  always  restrain  the  bearing  inner 
race  from  movement  by  means  of  a  clamp  nut  or  its  equivalent. 
These  are  depended  on  to  force  the  inner  race  firmly  against  a 
shoulder  or  tubular  spacing  member  on  the  shaft,  as  outlined  at 
Fig.  245. 

Q.     How  are  anti-friction  bearing  outer  races  secured? 

A.  If  a  bearing  is  to  resist  end  thrust  as  well  as  radial  load  it 
is  customary  to  clamp  the  outer  race  between  a  threaded  closure 
member  and  a  shoulder  in  the  housing  as  shown  at  Fig.  245.  The 
closure  member,  however,  does  not  bear  against  the  bearing  outer 
race  but  a  space  of  about  .01  inch  is  allowed  between  the  bearing 
outer  race  and  shoulders  on  clamp  nut  and  housing.  An  outer  race 
is  invariably  a  free  push  fit  in  the  housing.  If  the  bearing  is  to  be 
subjected  to  only  a  radial  load  it  is  not  necessary  to  clamp  the  bear- 
ing outer  race. 

Q.     Why  is  it  desirable  to  damp  bearing  inner  race  to  shaft? 

A.  The  bearing  inner  races  are  clamped  firmly  to  the  shaft  in 
order  to  prevent  creeping  of  the  inner  race  on  the  shaft  under  heavy 
loads  as  this  would  tend  to  wear  the  shaft  and  the  bearing  would 
not  be  held  in  place  as  firmly  as  it  should  be  if  the  cone  once  started 
to  turn  around. 

Q.  When  narrow  single  row  bearings  are  to  be  housed  in 
soft  metal,  what  is  a  desirable  precaution  to  take? 

A.  In  order  to  prevent  the  narrow  outer  races,  which  are  of 
hard  steel,  from  peening  the  soft  aluminum  alloy  of  a  gear  case^ 
for  example,  it  is  customary  to  house  the  outer  races  in  a  member 
of  pressed  steel,  cast  bronze  or  malleable  iron  which  is  firmly 
pressed  into  the  soft  metal  case  and  which  takes  all  the  strain  im- 
posed on  heavily  loaded  bearings. 

Q.  What  is  the  best  method  of  installing  radial  bearings 
when  two  are  used  on  a  shaft  subjected  to  thrust? 

A.  Only  one  of  the  bearings  should  be  employed  to  resist  the 
thrust  load  and  this  should  have  both  inner  and  outer  races  clamped. 
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The  other  bearing  which  is  depended  on  to  take  onlyradial  loads  has 
a  "floating"  outer  race  but  a  clamped  inner  member. 

Q.  In  assembling  adjustable  ball  or  roller  bearings  what  pre- 
caution is  necessary? 

A.  It  is  imperative  that  the  parts  of  the  bearing  be  adjusted  to 
a  nicety.     The  adjusting  nut  should  be  screwed  up  only  to  such 


CLAMP  NUT 


a  point  that  absolutely  all  the  lost  motion  or  radial  play  is  taken 
from  the  member  supported  and  yet  that  member  should  be  free 
to  revolve  without  friction.  If  the  bearings  are  tightened  up  un- 
duly they  will  wedge  and  bind  and  wear  out  quickly.  If  they  are 
not  adjusted  tightly  enough  the  balls  or  rolls  will  be  subjected  to  a 
series  of  hammer-like  blows  whenever  the  bearing  is  operated  and 
this  will  also  produce  rapid  depreciation  of  the  bearing. 
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Q.     How  are  ball  or  roller  bearings  lubricated? 

A.  The  method  of  installation  and  the  duties  they  are  to  per- 
form, are  the  factors  governing  the  lubrication  of  anti-friction  bear- 
ings. They  are  generally  lubricated  with  high  grade  mineral  oils 
and  greases. 

Q.  What  grade  of  oil  is  most  suited  for  heavy  loads  and 
low  speed? 

A.  A  heavy  bodied  lubricant  of  the  semi-fluid  type  is  best 
adapted  for  use  in  bearings  subject  to  heavy  loads  and  revolving 
at  low  speed.  Greases  having  about  the  consistency  of  vaseline 
or  petroleum  jelly  are  generally  applied  for  this  purpose. 

Q.  What  grade  of  lubricant  is  best  suited  for  light  loads  at 
high  speeds? 

A.  If  an  anti-friction  bearing  is  housed  in  an  oil  retaining^ 
dust  excluding  tiousing,  it  is  good  practice  to  use  a  medium  grade 
machine  oil  and  run  the  bearings  in  a  constant  bath  of  lubricant  ► 
Heavier  greases  produce  an  item  of  friction,  which  while  negligible 
in  low  speed  bearings  may  be  high  enough  to  be  objectionable  in 
high  speed  forms. 

Q.     Why  are  animal  or  vegetable  oils  undesirable? 

A.  Ball  or  roller  bearings  should  not  be  lubricated  with  oils  of 
organic  derivation  because  these  are  not  stable  enough.  They  oxid- 
ize or  become  rancid  on  exposure  to  the  air  and  are  apt  to  gum  up 
in  the  bearing.    Animal  oils  are  also  apt  to  contain  fatty  acids. 

Q.     Why  are  acidulous  oils  injurious? 

A.  Oils  containing  acid  should  never  be  used  with  ball  or  roller 
bearings  because  the  acid  will  etch  or  discolor  the  highly  polished 
surfaces  of  the  anti-friction  members  and  the  races.  This  etching 
and  rust  deposits  will  interfere  with  smooth  operation  and  tend  to 
produce  rapid  depreciation  of  the  bearings. 

Q.  Give  some  general  precautions  to  be  observed  in  installing 
anti-friction  bearings. 

A.  Anti-friction  bearings  should  always  be  installed  in  mountings 
that  can  be  effectively  closed  to  prevent  escape  of  oil  or  entrance 
of  dirt,  grit  and  water.     Ball  bearings  should  never  be  driven  in 
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place  with  a  steel  drift  or  hammer  because  the  races  are  hard  steel 
and  are  apt  to  be  cracked  unless  they  are  forced  in  place  either  with 
a  steady  pressure  from  a  press  or  by  blows  applied  through  the 
medium  of  a  block  of  hard  wood  or  piece  of  Babbit  metal  interposed 
between  the  hammer  and  the  bearings.  The  blow  should  always 
be  directed  or  the  pressure  exerted  against  the  race  that  is  being 
forced  in  place. 


LESSON  TWENTY-SIX 

HOW  TO  START  AND  CONTROL  AUTOMOBILE  POWER 

PLANT 

Q.  Before  starting  automobile  engines,  what  precautions  are 
necessary? 

A.  The  motorist  should  make  sufe  that  there  is  plenty  of  gaso* 
line  in  the  tank  and  that  it  is  turned  on  so  it  will  flow  to  the  car- 
buretor. The  radiator  should  also  be  filled  with  clean  water  and 
the  oiler  must  also  receive  attention.  The  gear  shift  lever  is  placed 
in  the  neutral  notch  and  the  emergency  brake  hand  lever  is  locked 
in  such  a  way  that  the  brakes  are  engaged.  The  spark  lever  on  the 
steering  wheel  is  set  at  a  retard  position  and  the  throttle  or  gas 
lever  is  slightly  advanced.  The  switch  for  the  ignition  system  is 
then  placed  in  its  active  position. 

Q.     Why  must  radiator  be  filled? 

A.  It  is  imperative  that  there  be  enough  water  in  the  cooling 
system  or  the  engine  will  soon  become  overheated. 

Q.     Why  must  oil  supply  be  inspected? 

A.  If  an  automobile  engine  is  run  for  any  length  of  time  with- 
out lubricant  it  will  be  seriously  damaged,  so  before  attempt  is  made 
to  start  the  engine  for  a  day's  service  it  is  well  to  see  that  there  is 
an  adequate  supply  of  lubricant  in  the  oiling  system. 

Q.    Why  must  gasoline  be  turned  on  at  the  tank? 

A.  At  the  tank  end  of  the  pipe  line  conveying  gasoline  to  the 
carburetor  will  be  found  a  shut  oflF  valve  as  indicated  at  Fig.  246. 
If  this  valve  is  closed  no  fuel  will  reach  the  carburetor  so  it  is  im- 
portant to  open  it  up  or  see  if  it  is  opened  before  attempting  to 
start  the  engine. 
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Q.     Why  must  switch  be  closed? 

A.  The  switch  must  be  closed  or  placed  in  operative  position 
so  the  current  can  flow  to  the  spark  plugs  depended  on  to  ignite 
the  fuel  in  the  cylinders. 

Q.  If  both  battery  and  magneto  ignition  are  provided,  which 
is  preferable  to  start  on,  and  why? 

A.  The  switch  lever  should  be  placed  on  the  battery  side  of  the 
switch  as  indicated  at  Fig.  247-A  because  it  is  easier  to  start  an  en- 
gine with  a  battery  spark  than  it  is  from  the   average  magneto. 
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Fig.  246 -Typical  Fuel  System  Showing  Shut-off  Valve  at  Tank. 


With  a  battery  the  current  is  always  available  whereas  it  must  be 
generated  by  revolving  the  magneto  armature  if  attempt  is  made 
to  start  on  the  magneto.  Some  forms  of  magneto,  notably  those 
of  the  true  high  tension  tjrpe,  generate  current  enough  to  ignite  the 
gas  even  if  the  armature  is  turned  slowly.  Magnetos  of  the  trans- 
former coil  type  do  not  generate  current  enough  at  low  speeds 
provided  by  hand  cranking  to  furnish  positive  ignition.  Most 
car  manufacturers,  therefore,  advise  starting  on  the  battery. 
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Q.     Where  should  speed  change  gear  lever  be,  and  why? 

A.  The  gear  shifting  lever  should  be  in  neutral  position,  as 
shown  at  Fig.  247-B,  because  if  it  is  in  one  of  the  speed  positions 
so  that  a  pair  of  gears  are  meshed  it  will  not  be  possible  to  turn 
the  engine  without  moving  the  car.  If  the  engine  is  a  type  that  is 
easily  started  it  may  pick  up  its  explosions  quick  enough  so  the  car 
will  move  as  soon  as  the  engine  starts. 

Q.     Why  should  spark  lever  be  retarded? 

A.  The  spark  lever  should  be  placed  in  the  retard  position,  as 
shown  at  Fig.  247-C,  because  an  advanced  or  early  spark  will  pro- 
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duce  a  back  kick  or  preignition  in  the  cylinder  that  will  tend  to  re- 
verse the  crankshaft  rotation  and  bring  the  starting  crank  forcibly 
'n  contact  with  the  operator's  arm  or  wrist. 

Q.     How  should  throttle  control  lever  be  placed? 

A.  The  throttle  control  lever  should  be  partially  advanced  in 
order  that  a  supply  of  gas  be  drawn  into  the  motor  cylinder  as  the 
engine  is  cranked  over  by  hand.  The  position  of  the  throttle  lever 
relative  to  that  of  the  spark  control  on  the  Overland  car  is  out- 
Uned  at  Fig.  247-C. 
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Q.    How  should  motor  be  cranked? 

A.  The  method  of  cranking  the  motor  properly  is  outlined  at 
Fig.  248.  In  the  first  place  the  starting  handle  should  be  grasped 
in  the  hand  as  indicated  in  the  inset  A  because  if  held  in  this  manner 
it  will  be  pulled  out  of  the  hand  if  the  motor  should  back  fire  due  to 
an  advanced  spark  lever  and  early  explosion.  In  cranking  the  motor 
the  starting  handle  should  always  be  pulled  up  with  a  quick,  sharp 
movement.  One  should  never  push  down  on  a  starting  handle, 
because  when  one  pulls  if  there  is  a  reversal  of  crankshaft  motion 


Right  way  of 
cranking  the  motor 


Wrong  way  of 
cranking  the  motor 


Pig.  248. — Proper  Method  of  Grasping  Hand  Starting  Crank  in  Order 

to  Avoid  Injury  Due  to  Backfire. 


the  starting  crank  will  be  pulled  out  of  the  hand,  whereas  if  one 
pushes  down  a  back  kick  is  apt  to  injure  the  arm  or  wrist. 

Q.  Describe  process  of  "tickling"  carburetor  and  explain 
why  this  is  sometimes  necessary. 

A.  After  a  carburetor  has  been  standing  for  a  time  a  certain 
portion  of  the  liquid  in  the  float  bowl  is  apt  to  evaporate  or  leak 
out  and  the  level  of  fuel  will  be  so  low  in  the  standpipe  that  gasoline 
will  not  be  drawn  out  to  start  the  motor.     In  order  to  insure  having 
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sufficient  gasoline  in  the  mixing  chamber  it  is  customary  to  depress 
the  float  several  times  with  a  small  priming  pin  or  plunger  protruding 
through  the  float  bowl  cover.  This  process  is  commonly  called 
"tickling"  the  carburetor  and  causes  a  portion  of  the  gasoline  to 
overflow  the  standpipe  so  when  the  air  is  sucked  through  the  mixing 
chamber  it  picks  up  some  of  the  liquid  fuel  and  a  rich  mixture  is 
produced  that  makes  starting  easy.  Depressing  this  pin  is  some- 
times called  "priming"  the  carburetor. 
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Fig.  249. — Showing  Various  Positions  of  Motor  Contror  Levers  for 

Di£Eerent  Engine  Speeds. 

Q.     What  is  another  method  of  priming  fhe  engine  with  fuel? 

A.  With  most  types  of  motors,  starting  will  be  considerably 
facilitated  on  a  cold  morning  or  after  the  c^i  has  been  standing  for 
a  time  if  gasoline  is  introduced  directly  into  the  cylinders  through 
the  priming  cocks  or  compression  relief  cocks  on  the  cylinder 
heads. 

Q.  What  is  the  first  step  after  the  engine  starts,  and  why  is 
it  necessary? 

A.     As  soon  as  the  engine  starts^  the  throttle  lever  should  be 
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pulled  back  until  the  throttle  is  almost  closed  in  order  to  prevent 
the  engine  "racing."  • 

Q.     What  is  the  objection  to  engine  racing? 

A.  If  a  motor  runs  at  high  speeds  while  the  car  is  not  in  motion 
it  will  be  subjected  to  unnecessary  wear  and  the  car  will  vibrate 
unduly. 

Q.     How  is  engine  speed  controlled? 

A.     The  approved  method  of  controlling  engite  speed  is  by  spark 


Ffg.  250. — Motor  «nd  Car  Control  Group  of  Pope-Hartford  Car. 
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and  throttle  levers,  as  shown  at  Figs.  247-C,  249,  and  250.  In  most 
cars  the  spark  and  throttle  levers  are  carried  above  the  steering 
wheel  where  they  may  be  easily  reached,  though  sometimes  they 
are  mounted  on  the  steering  column,  as  shown  at  Fig.  249.  As  a 
rule,  advancing  the  spark  and  giving  the  engine  more  gas  by  moving 
the  throttle  lever  will  accelerate  motor  speed,  while  retarding  the 
spark  and  cutting  down  the  supply  of  gas  will  slow  the  engine 
down.  The  various  positions  of  the  spark  and  throttle  levers  of 
the  Pierce-Arrow  car  for  starting,  slow,  medium  and  fast  running 
are  indicated  at  Fig.  249. 

Q.  Describe  an  automatic  enrine  stop  to  prevent  excessive 
speed. 

A.  Some  forms  of  engines  are  provided  with  a  governor  con- 
nected with  the  throttle  in  such  a  way  that  when  the  engine  speed 
exceeds  a  certain  predetermined  point  the  throttle  will  be  closed  by 
the  governor  and  the  engine  speed  will  slacken  automatically. 

Q.     Outline  common  method  of  cutting  out  governor  action. 

A.  In  cars  where  a  governor  is  fitted  on  the  engine  the  gas  lever 
or  a  foot  accelerator  may  be  used  to  open  the  throttle  independently 
of  the  governor  so  that  this  member  will  only  be  operative  when 
the  throttle  lever  or  accelerator  pedal  is  set  for  low  or  medium 
speeds. 

Q.    Why  should  spark  be  advanced  after  engine  is  started? 

A.  The  spark  lever  should  be  moved  from  the  retard  position 
as  soon  as  the  engine  is  started  in  order  to  bring  the  ignition  point 
so  the  spark  takes  place  just  when  the  piston  reaches  the  end  of 
its  compression  stroke  instead  of  after  it  has  started  to  go  down  on 
the  power  stroke.  Continuous  operation  with  lever  in  retarded 
position  will  mean  overheating  and  loss  of  engine  efficiency. 

Q.     What  happens  if  spark  lever  is  too  far  advanced? 

A.  If  the  engine  is  run  with  the  spark  lever  advanced  too  much, 
the  charges  will  explode  before  the  piston  reaches  the  ^nd  of  its 
compression  stroke  and  this  preignition,  or  early  explosion,  will 
impose  stresses  on  the  motor  bearings  and  will  produce  a  pronounced 
knocking  sound  because  it  tends  to  oppose  piston  movement. 
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Q.  What  is  the  best  position  for  spark  lever  under  average 
running  conditions? 

A.  The  spark  lever  can  be  placed  to  best  advantage  at  that 
point  on  the  segment  which  corresponds  to  ignition  when  the  pis- 
ton reaches  the  end  of  the  compression  stroke,  because  this  condi- 
tion is  ofie  favorable  to  eflScient  engine  action  and  makes  possible 
very  flexible  control  by  throttle  lever  alone.  In  some  cars  using 
magneto  ignition  no  provision  is  made  for  advancing  or  retarding 
the  time  of  the  spark  which  is  set  so  it  occurs  slightly  in  advance 
of  top  center  or  when  the  piston  has  just  compacted  a  charge  of 
gas  and  is  ready  to  descend  on  its  power  stroke.  In  cars  using  this 
system  of  control  the  engine  speed  is  regulated  entirely  by  the 
throttle  lever  or  accelerator  pedal. 

Q.  What  should  be  done  if  any  unusual  noises  materialize 
after  engine  is  started? 

A.  If  ftny  unusual  sounds  are  heard  after  the  engine  is  started 
the  operator  should  immediately  stop  the  motor  and  investigate 
the  cause  of  the  noise.  Sometimes  considerable  damage  may  be 
done  to  the  mechanism  by  a  loose  or  broken  part  if  the  engine  is 
kept  running  when  a  defective  condition  has  made  itself  known. 

NoTB. — ^For  further  information  on  Engine  Control  see   "The  Modem  Gasoline 
Automobile. ' ' — By  P<ag6 
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LESSON  TWENTY-SEVEN 

METHODS  OF  SPEED  CHANQINQ  OUTLINED 

Q.     Name  the  principal  types  of  speed  changing  systems. 

A.  Speed  changes  may  be  effected  by  means  of  friction,  plan- 
etary, sliding  gear,  and  individual  clutch  gearing. 

Q.     Which  are  the  simplest  types  to  control? 

A.  The  friction  and  planetary  gearing  are  the  easiest  operated 
by* the  novice,  though  the  individual  clutch  and  selective  sliding 
gear  are  handled  just  as  easily  by  the  more  experienced  motorist. 

Q.    What  is  the  feature  of  the  planetary  gear  set? 

A.  The  important  feature  of  an  epicyclic  or  planetary  gear  set 
is  that  the  speed  reduction  gears  are  always  in  mesh  and  that  any 
speed  may  be  obtained  instantly  by  a  simple  movement  which 
tightens  a  friction  band  or  clutch  acting  only  for  the  speed  selected. 
As  the  gears  are  always  in  mesh  and  as  the  operation  of  obtaining 
a  speed  and  applying  a  clutch  is  simultaneous,  there  is  no  danger 
of  stripping  gears  or  of  doing  other  damage  to  the  transmission. 

Q.  Name  principal  planetary  gear  car  and  describe  con- 
trolling system. 

A.  Practically  the  only  planetary  gear  car  now  on  the  market, 
but  one  that  is  sold  in  very  large  quantities,  is  the  Ford  Model  T. 
The  control  system  of  this  is  shown  at  Fig.  251.  The  spark  and 
throttle  control  are  on  the  steering  post  under  the  wheel  which  is 
located  at  the  left  side  of  the  car.  The  lever  at  the  outside  is  for 
the  spark  advance  while  that  on  the  right  is  the  throttle  lever  con- 
trolling the  gas  supply.  A  single  hand  lever,  which  combines  the 
function  of  an  emergency  brake  actuator  and  high  speed  clutch  re- 
lease, is  provided  on  the  left  side  of  the  car.  Three  pedals  are  used, 
the  one  at  the  extreme  left  engaging  the  low  speed  when  pushed 
forward  and  allowing  the  direct  drive  clutch  which  is  spring  engaged 
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Vis.  251.— Control  System  of  Ford  Model  T  Car  Which  Uses  Plane- 
tary Change  Speed  Gearset. 

to  come  into  action  if  allowed  to  drop  to  its  rearmost  position.  When 
the  emergency  brake  lever  is  applied  the  high  and  low  speed  pedal 
is  in  a  neutral  position.  The  middle  pedal  engages  the  reverse  ratio 
when  pressed  forward,  while  that  at  the  extreme  right  is  a  foot 
brake  acting  on  the  gearset. 

Q.     Describe  simplest  form  of  planetary  control  system. 

A.  The  simplest  form  of  planetary  gear  control  system  is  that 
by  which  a  single  lever  convenient  to  the  operator's  hand  is  used 
to  engage  all  speeds.     The  lever  has  five  positions,  three  of  which 
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bring  the  gearset  into  operation,  while  the  other  two  are  neutral 
points  in  order  to  prevent  passing  from  one  speed  to  another  too 
quickly.  As  generally  arranged,  if  one  brings  the  lever  to  its  ex- 
treme rear  position  the  reverse  motion  will  be  secured.  Just  for- 
ward of  this  point  is  a  neutral  position  from  which  the  lever  may 
be  brought  into  slow  speed  by  pushing  forward.  If  the  motion 
of  the  lever  is  continued  the  second  neutral  point  is  passed  and 
when  the  extreme  forward  position  is  reached  the  high  speed  is 
engaged.  It  will  be  seen  that  there  are  two  neutral  points,  one 
between  the  low  and  reverse,  the  other  between  the  low  and  high 
speeds.  The  lever  may  be  placed  in  either  neutral  point  when 
stopping  the  car,  though  it  is  preferable  to  place  it  between  the  low 
and  reverse  instead  of  between  the  high  and  low  when  stopping,  as 
the  car  may  then  be  moved  either  forward  or  backward,  as  condi- 
tions dictate. 

Q.  How  are  low  speed  and  reverse  ratios  obtained  in  plane- 
tary gearset? 

A.  The  low  speed  and  reverse  ratios  are  secured  by  tightening 
brake  bands  around  the  drum  or  case  in  which  the  reduction  gears 
are  carried. 

Q.     How  is  direct  drive  obtained? 

A.  Direct  drive  is  obtained  by  means  of  a  friction  clutch  of 
either  the  cone  or  multiple  disc  type,  which  locks  the  entire  gearset 
assembly  together  so  that  the  gearing  does  not  revolve  on  its  own 
axis  but  around  the  driving  shaft  center  line  so  that  the  drive  is 
obtained  without  any  reduction  in  ratio  except  that  existing  between 
the  bevel  pinion  and  ring  gear  at  the  rear  axle. 

Q.     How  are  speed  changes  obtained  with  friction  drive? 

A.  Speed  changes  of  friction  drive  cars  are  obtained  by  sliding 
the  driven  disk  across  the  face  of  the  driving  member  by  means 
of  a  suitable  handle  or  disk  shift  lever  at  the  side  of  the  car. 

Q.     Describe  typical  friction  drive  car  control  system. 

A.  The  control  system  of  a  friction  driven  automobile  is  simple 
as  it  consists  of  the  usual  spark  and  throttle  control  levers  on  the 
steering  post,  a  hand  lever  to  obtain  the  varying  speed  ratios  and 
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two  pedals.  One  of  the  pedals  is  used  to  release  and  apply  the 
power  by  moving  the  friction  members  from  or  toward  each  other. 
This  pedal  is  provided  with  a  ratchet  loclt  so  it  may  be  retained 
in  position  desired  by  the  operator.  The  other  pedal  is  a  brake 
applying  member.  Before  the  band  lever  can  be  moved  to  shift 
the  friction  disk  it  is  necessary  to  break  the  driving  connection 
between  them  by  releasing  the  pressure  at  the  peda].  Changes  of 
speed  are  obtained  progressively,  the  usual  arrangement  being  to 
engage  the  discs  for  reverse  motion  when  the  lever  is  toward  the 
rear  of  the  car  and  to  obtain  high  forward  drive  ratios  as  the  lever 
is  pushed  toward  the  front  of  the  car.     Tjie  degree  of  pressiu-e  to 


Fig.  252. — Selective  Gear  Quadrants. 


be  applied  at  the  friction  pedal  depends  upon  the  character  of  the 
road  surfaces.  On  good  roads  but  little  pressure  is  needed  to  se- 
cure positive  driving,  but  as  road  conditions  become  more  severe 
a  greater  degree  of  frictional  adhesion  is  desired  so  more  pressure 
must  be  appUed  by  the  pedal. 

Q.     What  two  methods  of  sliding  gearset  control  are  used? 

A.  Sliding  gearsets  may  be  controlled  either  by  the  progressive 
or  selective  system. 

Q.  What  is  a  progressive  gearshift,  and  what  are  its  dis- 
advantages? 
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A.  The  progressive  gearshift  is  the  type  where  the  hand  lever 
must  be  pushed  from  one  extreme  of  a  segment  to  the  other  to  ob* 
tain  varying  speed  ratios  which  are  progressive  in  their  application. 
This  sector  is  usually  provided  with  five  notches  if  used  on  a  three 
speed  and  reverse  gearset.  The  rearmost  notch  is  the  reverse 
position.  The  next  one  working  toward  the  front  of  the  car  is  a 
neutral  point  and  then  the  low  speed,  intermediate  and  direct  drive 
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Fig.  253. — Gear  Shifting  and  Emergency  Brake  Lever  Assembly  At- 
tached to  Selective  G^rset  Case. 


positions  follow  in  the  order  named.  The  disadvantage  of  this 
system  is  that  if  the  lever  is  in  the  reverse  position  and  it  is  desired 
to  engage  the  intermediate  or  high  speed,  it  is  necessary  to  first 
pass  through  the  low  speed  before  the  higher  ratios  can  be  secured. 
This  gear  control  is  not  very  widely  used  as  it  is  slow  in  action  and 
requires  careful  gear  shifting  in  order  to  avQid  injuring  the  gear 
teeth. 


Questions  and  Answers 


Fig.  254. — Simple  Gearshift  Sjrstem  for  Two  Speed  and  Reverse  Gear- 
set  Used  Early  Hupinobile  Cars. 
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Q.     Describe  selective  system,  and  give  advantages. 

A.  The  selective  system  uses  but  one  hand  lever,  as  shown  in 
illustrations  Figs.  252  to  256  inclusive,  to  obtain  varying  speed 
ratios,  but  this  works  in  an  H  slot  segment  member  outlined  at 
Figs.  252  and  253  which  makes  it  possible  to  go  from  the  neutral 
position  into  any  gear  ratio  desired  or  from  one  ratio  to  the  other 
without  engaging  any  other  gears  than  those  desired.  This  is  ac- 
complished by  providing  a  lever  capable  of  side  motion,  as  well 
as  fore-and-aft  movement.  The  manner  in  which  the  lever  can  be 
brought  from  second  speed  to  direct  drive  is  clearly  outlined  at  4, 
Fig.  252,  from  first  speed  to  second  in  the  manner  indicated  at  B 
and  into  the  reverse  position  as  shown  at  C,  When  the  lever  is 
placed  in  the  passage  separating  the  two  slots  in  the  segment  it  is 
at  its  neutral  position. 

Q.    What  are  the  essentials  of  a  sliding  gear  control  system? 

A.  A  simple  selective  sliding  gear  control  system  and  the  posi- 
tion of  the  levers  to  obtain  various  speed  ratios  on  a  simple  two 
speed  gear  set  is  outlined  at  Fig.  254.  When  three  speeds  are  pro- 
vided, as  shown  at  Fig.  255,  the  gated  segment  provides  five  pos- 
sible positions  for  the  gear  shifting  lever.  The  control  system 
outlined,  which  is  that  of  the  Overland  car,  is  typical  of  modern 
practice  and  consists  of  the  usual  motor  control  levers  carried  at 
the  top  of  the  steering  post,  two  hand  levers,  one  for  gear  shifting 
and  the  other  for  emergency  brake  actuation  and  four  foot-operated 
pedals,  two  of  which  are  used  in  controlling  the  car  directly  while 
the  accelerator  button  controls  the  car  velocity  by  varying  the 
engine  speeds.  One  of  the  large  foot  levers  is  a  brake  pedal,  the 
other  is  a  clutch  pedal.  The  accelerator  or  small  button  in  the  floor 
board  acts  on  the  throttle  of  the  carburetor  while  the  mufiler  cut- 
out is  employed  to  open  a  valve  in  the  exhaust  pipe  and  enable 
the  gases  to  be  discharged  directly  into  the  air  instead  of  passing 
through  the  muffler.  The  control  system  of  the  Rambler  car,  which 
is  somewhat  similar  to  that  previously  described  except  for  the 
location  of  the  hand  levers,  is  clearly  outlined  at  Fig.  256. 

Q.     Outline  function  of  clutch  pedal. 

A.     The  clutch  pedal,  which  is  usually  placed  so  that  it  can  be 
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Fig.  255. — Complete    STstem    of    Overland    Cars. 


Operated  by  the  left  foot  on  most  cars  and  which  is  clearly  depicted 
at  Fig.  257,  is  utilized  to  disconnect  the  engine  power  from  the  gearset 
whenever  it  is  desired  to  shift  the  speed  changing  lever.  The  clutch 
pedal  also  permits  the  driver  to  release  the  engine  power  from  the 
rear  wheels  whenever  it  is  desired  to  slacken  speed  and  also  provides 
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for  smootb  clutch  engagement  in  starting  the  car  from  a  standstill 
it  properly  actuated. 

Q.     Describe  method  of  starting  sliding  gear  car. 

A.  After  the  ei^ine  has  been  started  in  the  manner  indicated 
in  preceding  lessons,  the  first  step  is  to  depress  the  clutch  pedal, 
then  accelerate  the  engine  speed  slightly  and*after  pushing  the 
change  speed  lever  in  low  gear  position  the  clutch  pedal  is  gradually 


Fig.  256. — Control  System  of  Rambler  Automobile. 

released  so  the  ei^ne  power  is  transmitted  to  the  rear  wheels. 
After  the  car  has  attained  a  certain  momentum  which  it  does  .in 
from  ten  to  twenty  yards  tlie  clutch  pedal  is  again  depressed  and 
if  the  car  is  operated  on  a  level  road  the  gearshift  lever  may  be 
pushed  into  direct  drive  position  and  the  clutch  again  re-engaged 
gradually.  If  on  a  slight  up-grade,  however,  it  will  be  best  to  paaa 
into  the  intermediate  or  second  speed  from:  the  low  speed  before 
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Fig.  257. — Showing  Clutch,  Brake 
and  Accelerator  Pedals  of  Ram- 
bler Automobile. 


going  into  the  highest  ratio.  Care  should  be  taken  always  to  de- 
press clutch  pedals  before  shifting  the  gear  lever  and  also  to  accel- 
erate engine  before  engaging  the  clutch. 

p.  'Why  must  engine  be  accel- 
erated before  clutch  is  eng^ed  ? 
A.  If  the  engine  speed  is 
not  accelerated  before  clutch  is 
engaged  it  will  not  deliver  suffi- 
cient power  to  start  the  car  and 
as  soon  as  the  clutch  takes  hold 
the  resistance  will  be  too  great 
for  the  motor  which  will  become 
"stalled"  or  stop.  If  the  engine 
is  speeded  up  it  will  develop 
more  power  than  is  needed  to 
start  the  car  and  unless  the 
clutch  is  very  suddenly  engaged 
it  is  not  likely  to  stop, 
Q.  What  would  happen  if  gears  were  shifted  without  releas- 
ing clutch? 

A.  If  attempt  was  made  to  shift  the  gears  in  a  sliding  gearset 
without  first  releasing  the  master  clutch  the  effect  of  bringing  two 
rotating  gears  into  engagement  would  be  to  strip  the  teeth  of  the 
gears  on  account  of  the  shearing  action  between  them  when  the 
edges  of  one  set  of  hard  teeth  engage  the  corresponding  side  of  the 
other  set.  If  the  clutch  is  released,  one  set  of  gears  stops  and  the 
other  gear  which  is  moving  if  the  car  is  in  motion  can  engage  the 
gear  which  is  not  turning  without  injuring  the  teeth  of  either  member. 
Q.  Describe  some  standard  selective  quadrants. 
A.  There  is  considerable  difference  of  opinion  among  motor 
car  designers  regarding  the  arrangement  of  the  selective  quadrants 
and  the  positions  of  the  lever  for  obtaining  various  speeds.  In 
some  cars  the  reverse  position  may  be  at  the  front  end  of  the  sector, 
whereas  in  others  it  is  in  the  more  logical  place  or  rear  end.  The 
various  positions  of  the  lever  for  obtaining  different  speed  ratios 
en  typical  standard  cars  are  clearly  outlined  at  Fig.  258.     The  letter 
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R  indicates  the  reverse  position;  JV  a  neutral  point,  wliiie  the 
lowest  speed  is  indicated  by  /  and  the  others  as  2,  3  and  4,  the 
ratio  becoming  higher  as  the  value  of  the  indicating  numeral 
advances. 

The  sector  shown  at  A  is  used  on  Stoddard,  Stearns,  Mitchell, 
Jackson,  Overland,  Regal,  Speedwell,  Kissel,  Courier,  Hudson, 
Thomas  M.  Pierce-Racine,  Marmon,  Apperson,  Mathewson  Six, 
Cadillac,  E.  M.  F.j  Elmore,  Velie,  Chalmers,  and  lieo.  This  is 
the  most  popular  form  of  segment  and  has  been  widely  used.  The 
type  at  B  which  is  a  reversal  of  the  former,  inasmuch  as  the  lowest 
and  reverse  speed  positions  are  in  the  outer  slot  instead  of  the  inner, 
is  used  on  the  Premier,  Buick,  Pope-Hartford,  Black  Crow,  Haynes, 


Fig.  258. — Selective  Gearshift  Quadrants  That  Have  Received  General 
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and  Fal  cars.  The  form  shown  at  C  is  considered  by  many  engin- 
eers to  be  a  more  logical  one  as  the  reverse  position  is  at  the  rear  of 
the  segment  and  the  two  most  commonly  used  forward  speeds  are 
at  the  front  end.  This  has  been  used  on  the  Rambler,  Interstate, 
and  National  cars.  The  type  outlined  at  D  is  a  reversal  of  the  form 
shown  at  C  and  has  been  used  on  the  Corbin  and  Columbia  automo- 
biles. 

The  four  speed  segments  are  shown  in  the  following  figures  and 
are  used  on  ears  as  follows:  type  E  is  used  on  the  Locomobile,  F 
on  the  Peerless,  G  on  the  Apperson,  H  on  the  Winton,  L  on  the  Pal- 
mer-Singer, and  J  on  the  Pierce  Arrow.  Contrasted  to  the  three 
speed  and  reverse  segments  with  the  five  positions  for  the  lever  the 
four  speed  segments  have  six  or  seven  positions,  some  having  an 
individual  place  for  each  speed,  while  others  have  a  common  shift 
member  and  obtain  the  reverse,  first  and  second  speeds  progress- 
ively with  but  one  neutral  point. 

Q.  How  are  speed  changes  effected  when  individual  clutch 
gear  is  fitted? 

A.  When  an  individual  clutch  gearset  having  gears  always  in 
mesh  but  employing  positive  jaw  clutches  in  the  gearset  is  used 
in  connection  with  a  master  clutch  at  the  engine,  varjdng  speed 
ratios  are  usually  obtained  by  a  selective  control  just  as  in  a  slid- 
ing gearset,  and  care  must  be  taken  to  operate  the  master  clutch 
every  time  a  different  speed  ratio  is  desired. 

Q.  What  is  the  Vulcan  electric  gear  shift,  and  how  does  it 
operate? 

A.  A  new  system  of  gear  shifting  has  been  recently  developed 
which  depends  on  the  use  of  electric  current  to  shift  the  gears  in- 
stead of  the  usual  hand  lever.  The  steering  wheel  is  shown  at  Fig. 
258-A  with  the  various  speed  changing  buttons  let  into  one  of  the 
wheel  spokes.  The  operation  of  shifting  a  gear  is  very  simple, 
consisting  merely  of  depressing  the  clutch  pedal  and  pressing  down 
on  the  switch  button  marked  with  the  gear  ratio  desired.  The 
system  is  not  complicated,  the  gears  being  controlled  by  solenoid 
coils,  one  being  used  for  each  forward  speed  and  one  for  reverse. 
Two  switches  are  utilized  between  the  battery  and  the  coils,  a  knife 
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switch  controlled  by  the  clutch  pedal  and  a  push  button  located 
on  the  steering  wheel.  All  changes  of  gears  are  controlled  by  the 
knife  switch  and  the  push  button^  on  steering  wheel  merely  arrange 
the  circuit  for  the  particular  speed  desired.  A  glance  at  the  draw- 
ing shows  that  the  clutch  pedal  moves  through  a  link  during  the 
first  part  of  its  motion  and  during  the  remainder  picks  up  the  link 
and  carries  it  along  with  it.  Thus  the  first  movement  is  the  regular 
operation  of  the  clutch,  but  a  continued  operation  of  the  clutch 
lever  actuates  the  knife  switch. 

Current  flows  from  the  battery  through  the  solenoid  coil  and  pulls 
a  plunger  against  a  magnet  with  a  force  which  is  given  as  150 
pounds.  This  energy  is  transmitted  through  an  arm  to  the  gear- 
shifting  fork  and  gear  in  exactly  the  same  manner  as  if  the  gears 
were  operated  with  a  hand  lever.  The  plungers  in  the  illustration 
are  shown  in  a  neutral  position.  When  the  button  is  pressed  on 
the  control  member,  current  passes  through  the  coils  around  the 
plungers,  drawing  them  against  the  magnet.  It  is  said  that  the 
current  required  to  make  the  shift  is  about  17  amperes,  and  it  is 
claimed,  further,  that  three  hundred  speed  changes  may  be  made 
with  less  current  consumption  than  is  required  in  starting  the  motor 
with  an  electric  starting  device. 

An  advantage  claimed  for  this  electric  gear  shift  is  that  the  gears 
cannot  be  stripped,  for  the  reason  that  the  clutch  must  be  disen- 
gaged before  a  shift  can  be  made  and  the  gears  are  always  in  neutral 
before  the  coils  can  accomplish  the  change.  Furthermore,  no  two 
speeds  can  be  utilized  at  the  same  time  because  each  speed  is  gov- 
erned independently  of  the  others,  and  an  interlocking  device  pre- 
vents the  operator  from  using  any  two  buttons  at  one  time,  even 
if  he  should  make  a  mistake  or  be  careless. 

The  box  which  contains  the  switches  and  solenoid  coils  is  mount- 
ed at  the  side  of  the  gear  box,  and  it  is  said  that  the  device  adds 
only  46  pounds  to  the  weight  of  the  chassis.  On  the  S.  G.  V.  car 
the  control  buttons  are  mounted  in  a  neat  aluminum  box  on  the 
steering  wheel,  one  for  each  speed,  and  one  for  a  neutral  member. 
In  operation  the  system  is  very  simple.  If,  for  instance,  the  fourth 
speed  button  is  pushed  down  and  the  clutch  is  thrown  out  and  then 
re-engaged,  the  car  will  remain  in  fourth  speed.     When  driving 
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in  traflSc  on  the  third  speed  the  driver  may  set  the  second  speed 
button  and  by  depressing  the  clutch  pedal  fully  will  automatically 
shift  into  second  speed.  In  a  similar  manner  all  other  changes 
may  be  made.  The  driver  need  not  lift  his  hand  from  the  wheel 
in  order  to  accomplish  any  change  in  the  gears.  Those  who  have 
witnessed  the  operation  of  this  device  state  that  the  system  is  quiet, 
the  only  noise  being  a  slight  click  as  the  gears  engage  when  changed. 
This  system  is  also  used  on  the  Haynes  1914  automobiles  and 
several  other  types. 

Note. — For  complete  discussion   of  all  standard  gear  shifting  systems  see  "The 
Modem  Gasoline  Automobile." — By  Pag6. 


LESSON  TWENTY-EIGHT 

UTILITY  OF  BRAKES  AND  THEIR  USES 

Q.    What  is  the  purpose  of  the  braking  system? 

A.  The  brakes  of  an  automobile  or  any  other  vehicle  are  used 
to  arrest  its  motion  when  desired. 

Q.  How  do  motor  car  brakes  differ  from  those  used  on 
wagons? 

A.  The  shoe  brake,  which  consists  of  a  friction  block  bearing 
against  the  wheel  tire,  is  generally  used  on  wagons  and  in  railway 
practice.  Automobile  brakes  act  on  special  drums  attached  to 
some  part  of  the  power  transmission  system  and  not  on  the  wheel 
tire. 

Q.  Why  is  the  shoe  and  tire  brake  undesirable  on  automo- 
biles? 

A.  If  the  automobile,  which  is  a  self-propelled  vehicle,  and 
which  can  be  stopped  only  by  application  of  the  brakes,  utilized 
shoes  bearing  against  the  wheel  tires  the  constant  application  of 
the  braking  member  would  result  in  rapid  depreciation  of  the  tires 
which  deteriorate  rapidly  enough  from  normal  usage. 

Q.    What  forms  of  brakes  are  used  on  motor  car  chasses? 

A.  Brakes  employed  in  motor  cars  are  of  the  band  or  shoe  form 
and  may  be  applied  to  the  exterior  or  interior  of  the  brake  drums. 
The  brake  shown  at  Fig.  259  is  an  internal  form  in  which  two  brake 
shoes  are  spread  by  a  cam  until  they  engage  the  inner  surface  of 
a  steel  brake  drum  usually  attached  to  the  propeller  shaft  or  to  the 
rear  wheel  hub.  The  brake  outlined  at  Fig.  260  is  a  constricting 
form  applied  to  the  outer  periphery  of  the  brake  drum  and  which 
arrests  motion  of  the  drum  by  binding  a  band  tightly  around  it» 
Sometimes  the  cast  shoes  of  the  internal  brake  are  replaced  by  a 
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band  of  steel  faced  with  some  f rietional  material  such  as  Raybestos 
and  in  some  cars  the  external  bsake  is  composed  of  a  pair  of  cast 
shoes  hinged  to  clamp  the  brake  drum  between  them  when  applied. 

Q.    Where  are  brakes  applied? 

A.  The  braking  members  of  modern  automobiles  are  generally 
attached  to  the  rear  axle  and  are  applied  directly  against  drums 
carried  by  the  wheel  hubs.  A  typical  assembly  is  shown  at  Fig, 
261  with  the  drum  removed  in  order  to  outline  clearly  the  construe-^ 
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Fig.  259. — Internal  Expanding  or  Shoe  Brake. 


tion  of  the  brake  members.  The  internal  brake  which  is  cam  ex- 
panded is  composed  of  a  steel  band  faced  with  Raybestos  or  other 
woven  asbestos  fabric,  the  action  of  the  cam  being  to  spread  out  the 
brake  against  the  inner  periphery  of  the  brake  drums.  The  exter- 
nal brake  band  is  made  of  lighter  material  than  the  internal  member 
and  is  constricted  around  the  brake  drum  by  a  simple  bell  crank 
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lever.  Both  inner  and  outer  brakes  are  supported  by  spring  mem- 
bers in  order  to  keep  them  out  of  eng^ement  with  the  brake  drum 
unless  applied  and  to  prevent  rattle. 

Q.  Gan  brakes  be  fitted  to  other  parts  of  a  car  besides  the 
wheels? 

A.  In  some  forms  of  pleasure  cars  the  regular  or  service  brake 
is  applied  on  a  drum  at  the  drive  end  of  the  transmission  to  which 
the  driving  shaft  is  attached  as  shown  at  Fig.  262,  while  in  some 
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Fig.  260. — External  Constricting  Band  Brake. 

motor  trucks,  in  addition  to  the  rear  wheel  location  a  service 
brake  may  be  attached  to  drums  that  are  in  direct  mechwiical 
■connection  with  the  driving  sprockets  on  the  countershaft.  A 
brake  of  this  nature  is  shown  at  Fig.  263  and  is  used  as  a  service 
brake  while  the  emergency  braking  effect  is  obtained  by  a  pair  of 
shoes  expanded  by  a  cam. 

Q.  What  are  the  advantages  of  countershaft  and  driving 
.-shaft  brakes? 

A.    An  important  advantage  gained  by  applying  a  brake  to  a 
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transmis^on  member  revolving  at  higher  speed  than  the  rear  wheels 
is  that  a  smaller  brake  can  be  used  to  retard  the  vehicle  on  aceomit 
of  the  multiplication  of  power  obtained  by  the  difference  in  ratio 
between  the  driving  and  driven  Bprockets  or  the  driving  pinion  and 
driven  gear.    This  ia  considered  by  some  designers  to  be  a  construe- 
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tion  subject  to  criticism  inasmuch  as  it  is  contended  that  the  driving 
elements  are  subjected  to  considerable  stress  by  using  them  for 
both  driving  and  braking  purposes  that  they  would  not  be  c^led 
upon  to  take  if  used  only  for  driving  purposes. 
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Q.     Discuss  features  of  internal  brake  location. 

A.  An  important  advantage  of  the  internal  brake  is  that  it  is 
entirely  enclosed  and  protected  and  that  it  can  be  firmly  attached 
to  the  member  taking  the  braking  torque.  As  it  is  installed  inside 
of  the  brake-drum  it  is  liable  to  be  affected  by  accumulations  of 
lubricant  leaking  out  from  the  axle  housing.  It  is  also  difficult  of 
access  for  repairs  or  adjustment,  so  most  designers  endeavor  to 
provide  a  construction  that  will  not  need  frequent  adjustment,  and 
then  use  this  brake  for  emei^ency  purposes  so  that  it  is  not  called 


on  as  often  as  the  regular  service  brake  which  is  usually  of  the  ex- 
ternal band  pattern. 

Q.     Discuss  disadvantages  and  advantages  of  external  brakes. 

A.  Most  of  the  external  brakes  have  a  disadvantage  in  that  they 
are  apt  to  rattle  against  the  brake  drums  and  also  that  they  detract 
from  the  neat  appearance  of  the  wheel  owing  to  their  unsymmet- 
TJcal  form.     Brakes  of  this  nature  are  very  efficient,    however, 
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and  they  may  be  easily  adjusted  or  removed  if  it  is  desired  to  re- 
place the  brake  lining  without  disturbing  the  wheel,  as  would  be 
necessary  if  the  internal  brakes  demanded  attention. 

Q.  What  materials  are  usually  employed  in  brake  construc- 
tion? 

A.  Materials  to  be  used  in  brake  construction  must  have 
strength,  endurance,  and  possess  a  high  degree  of  friction.  The 
materials  ordinarily  used  are  metals  where  strength  is  desired  and 
various  fibrous  substances  having  a  high  degree  of  frictional  ad- 
hesion for  brake  linings  and  facings. 

Q.     What  are  brake  drums  made  of? 

A.  Brake  drums  are  commonly  made  of  steel,  those  on  the  lighter 
cars  are  formed  by  stamping  the  drums  from  the  sheet  under  power- 
ful presses  while  on  heavy  vehicles  steel  castings  are  employed.  With 
the  ordinary  form  of  pressed  steel  brake  drum  the  sm-faces  are 
sufficiently  smooth  and  true  to  size  so  no  machining  is  necessary, 
but  the  castings  must  be  faced  off  in  order  to  obtain  a  smooth  sur- 
face against  which  the  brake  band  can  bear. 

Q.     What  are  brake  shoes  made  of? 

A.  Brake  shoes  may  be  made  of  steel,  bronze,  or  malleable  iron 
castings  on  the  larger  types  and  of  drop  forgings  in  the  smaller 
sizes. 

Q.     What  materials  are  used  to  increase  friction  of  brakes? 

A.  Among  the  materials  used  to  promote  greater  frictional 
adhesion  may  be  mentioned  camels'  hair  belting,  woven  wire  and 
asbestos  fabrics  sold  under  the  trade  names  of  Raybestos,  Multi- 
bestos,  etc.,  and  cork. 

Q.     How  is  brake  lining  attached  to  band  or  shoe? 

A.  Brake  linings  are  attached  to  the  brake  bands  or  shoes  by 
means  of  copper  rivets  which  are  countersunk  in  the  friction  ma- 
terial and  tightly  riveted  over  at  the  inner  side  of  the  brake  band, 

Q.     How  are  cork  inserts  used? 

A.  Cork  is  employed  in  the  form  of  inserts  which  is  compressed 
into  suitable  holes  drilled  to  receive  them  in  the  brake  shoe  cast- 
ings which  are  generally  of  bronze  or  cast  malleable  iron  w*hen  the 
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cork  is  employed  and  of  special  form  having  pockets  to  receive  the 
frictional  material.  The  use  of  cork  provides  for  a  greater  degree 
of  friction  and  enables  the  brake  to  work  more  eflBciently  if  oil  is 
present  between  the  surfaces  and  also  promotes  gradual  brake 
application. 

Q.    What  must  a  brake  do  to  be  efficient? 

A.  In  order  to  have  the  vehicle  under  perfect  control  a  brake 
must  be  able  to  lock  the  driving  wheels  in  a  manner  that  will  en- 
tirely prevent  them  from  rotating,  and  it  should  be  capable  of  per- 
forming this  function  with  minimum  exertion  on  the  part  of  the 
operator. 

Q.    Are  quick  acting  brakes  desirable? 

A.  Quick  acting  brakes,  which  will  stop  the  wheel  rotation 
too  soon,  are  not  desirable  because  these  make  for  rapid  tire  depre- 
ciation.    Most  brakes  are  designed  so  they  can  be  apphed  gradually- 

Q.     How  are  brakes  operated? 

A.  The  service  brakes,  which  are  generally  of  the  external  form,, 
re  operated  by  a  pedal  adjacent  to  the  clutch  pedal,  while  the  emer- 
gency brakes,  which  are  usually  of  the  internal  type,  are  brought 
into  action  by  a  hand  lever  mounted  near  the  gearshift  member 
and  carried  on  a  quadrant  and  provided  with  a  latch  so  that  it  can 
be  locked  in  position. 

Q.     What  is  a  clutch  and  brake  interlock? 

A.  In  some  cars  a  single  pedal  is  used  to  control  both  clutching 
and  braking  functions.  The  pedal  is  only  pushed  about  half  way 
of  its  available  travel  to  release  the  clutch  quickly  and  from  that 
point  to  the  end  of  its  movement  it  will  apply  the  service  brakes. 
Obviously,  it  is  not  possible  to  apply  the  brake  without  first  releas- 
ing the  clutch.  In  some  other  forms  of  cars  the  brake  pedal  is  con- 
nected with  a  mechanical  leverage  so  that  it  cannot  be  moved  with- 
out throwing  out  the  clutch,  though  the  clutch  pedal  may  be  moved 
without  applying  the  brake.  The  clutch  and  brake  interlock  is 
sometimes  obtained  by  the  emergency  brake  lever  and  this  construc- 
tion is  preferred  to  the  foot  brake  and  clutch  interlock. 


LESSON  TWENTY-NINE 
GENERAL  DRIVING  INSTRUCTIONS 

Q.     What  is  the  general  road  rule  of  this  country? 

A.  When  approaching  a  vehicle  coming  from  the  opposite 
direction  the  rule  is  to  keep  to  the  right  of  the  road  and  to  pass  all 
vehicles  going  in  the  same  direction  on  the  left. 

Q.     How  does  this  differ  from  the  road  rule  of  Europe? 

A.  The  road  rules  of  most  of  the  European  countries  are  just 
the  reverse  to  those  in  vogue  in  America  as  the  vehicle  must  keep 
to  the  left  of  the  road  and  pass  conveyances  going  in  the  same  direc- 
tion on  the  right. 

Q.  What  is  the  logical  position  for  steering  wheel  and  con- 
trol levers,  and  why? 

A.  In  order  to  conform  to  the  road  rules  of  this  country  the 
logical  position  of  the  steering  wheel  is  at  the  left  side  of  the  car 
and  the  control  levers  should  either  be  at  the  extreme  left  or  in  the 
center  of  the  car. 

Q.    Why  is  right  hand  drive  so  general  in  this  country? 

A.  As  most  of  the  American  automobiles  have  been  derived  and 
adapted  from  European  designs  the  right  hand  location  of  the 
steering  wheel  has  been  preserved  with  other  features  and  while 
this  is  logical  for  the  road  rules  obtaining  in  foreign  countries  it 
is  not  so  well  adapted  to  American  conditions  as  the  left  hand  drive. 

Q.  Why  is  central  location  of  control  levers  desirable  when 
steering  wheel  is  placed  on  left  hand  side? 

A.  As  most  motorists  are  familiar  with  cars  in  which  the  speed 
changing  is  performed  with  the  right  hand  and  as  most  people  use 
their  right  hand  to  better  advantage  than  the  left,  placing  the  con- 
trol levers  at  the  center  of  the  car  enables  one  to  handle  the  steering 
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wheel  to  advantage  if  this  is  at  the  left  and  at  the  same  time  the 
speed  changing  and  emergency  brake  levers  which  are  at  the  center 
of  the  car  can  be  easily  handled  with  the  right  hand  which  would 
also  be  used  for  this  purpose  on  cars  having  right  hand  drive. 

Q.    What  should  a  careful  driver  always  have  in  mind? 

A.  A  careful  motorist  will  always  have  the  safety  of  other  users 
of  the  Ijighway  in  mind  which  means  that  a  car  should  be  driven 
carefully  and  at  moderate  speeds  so  it  is  always  fully  under  the 
control  of  the  operator. 

Q.    Why  is  driving  at  high  speed  undesirable? 

A.  Driving  an  automobile  at  high  rates  of  speed  is  not  a  de- 
sirable practice  because  the  machinery  is  subjected  to  great  stresses 
and  the  parts  are  very  frequently  overloaded  if  a  car  is  driven  near 
its  maximum  speed.  The  mechanism  is  subjected  to  more  wear 
and  the  tires  are  niore  susceptible  to  derangement  at  high  speed 
than  at  low  and  moderate  speeds.  When  a  motor  vehicle  is  driven 
fast  it  will  acquire  considerable  momentum  and  it  will  be  very  dif- 
ficult to  stop  promptly  in  case  this  is  desirable,  and  if  a  sudden 
stop  is  made  the  parts  of  the  braking  system  and  the  general  frame 
structure  will  receive  a  sudden  shock  that  is  liable  to  injure  some 
parts. 

Q.     What  is  a  safe  speed  on  good  road  in  thinly  settled  parts? 

A.  An  automobile  may  be  run  at  speeds  ranging  from  26  to 
35  miles  per  hour  under  favorable  conditions  and  still  be  under 
control. 

Q.     How  do  road  conditions  affect  ,§^^^d? 

A.  It  is  not  desirable  to  drive  a  car  at  high  speed  over  rough 
or  wet  roads  nor  is  it  safe  to  drive  fast  on  a  winding  road  having 
many  curves  or  intersecting  roads.  If  a  car  is  driven  at  high  speed 
over  rough  roads  the  various  chassis  parts  will  be  subjected  to  con- 
siderable stress  and  the  vibration  resulting  will  prove  very  uncom- 
fortable for  the  passengers. 

Q.     Why  is  careful  driving  in  traffic  imperative? 

A.  It  is  necessary  to  have  a  car  always  under  perfect  control 
when  driving  through  cities  or  in  settled  communities  because  it 
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is  often  essential  to  make  a  quick  stop  and  the  ability  to  arrest  the 
motion  of  the  vehicle  positively  in  a  few  feet  may  often  be  the  means 
of  averting  an  accident  of  serious  moment. 

Q.     What  is  the  danger  of  fast  driving  on  wet  roads? 

A.  The  traction  or  frictional  adhesion  between  the  tires  and 
wet  road  surfaces  is  very  low  compared  to  that  over  dry  road  sur- 
faces, and  as  the  mud  or  water  acts  as  a  lubricant  the  can  is  likely 
to  skid  if  the  brakes  are  applied,  so  that  control  becomes  erratic. 

Q.  What  parts  of  a  car  need  special  attention  before  starting 
on  a  trip? 

A.  Assuming  that  the  power  plant  is  all  right,  which  condition 
can  be  readily  determined  as  soon  as  the  engine  is  started,  the  points 
that  demand  attention  are  the  steering  system,  the  tires  and  brakes. 
Special  attention  should  be  given  to  the  various  steering  connections 
and  the  brakes'  should  always  be  kept  in  proper  adjustment  on 
account  of  the  important  bearing  these  have  on  the  safety  of  the 
car  and  its  occupants. 

Q.    Describe  operations  necessary  to  make  a  gradual  stop. 

A.  The  first  step  in  making  a  gradual  stop  with  any  car  is  to 
slow  down  the  engine  by  cutting  down  the  supply  of  gas,  throw  out 
the  clutch  when  several  yards  away  from  the  point  where  the  stop 
is  to  be  made  and  apply  the  service  brake  gradually  until  car  speed 
is  retarded  to  the  proper  point. 

Q.     Outline  method  of  making  an  emergency  stop. 

A.  The  method  of  making  an  emergency  or  quick  stop  with  a 
sliding  gear  car  is  clearly  outlined  at  Fig.  264.  The  operator  does 
not  take  time  to  slow  down  the  engine  but  presses  both  pedals 
down  and  applies  the  emergency  brake  hand  lever.  By  pushing 
both  pedals  at  the  same  time  the  clutch  is  released  and  the  service 
brake  applied  simultaneously  and  the  braking  effect  is  further 
augmented  by  the  application  of  the  emergency  brake  lever.  One 
hand  is  kept  on  the  steering  wheel  to  steady  the   car. 

Q.     How  should  any  car  be  started  or  stopped? 

A.  Any  automobile  must  be  started  or  stopped  gradually  in 
order  to  avoid  shock  and  undue  stress  on  the  mechanism. 
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Q.     Is  sudden  acceleration  of  engine  speed  desirable? 

A.  It  is  just  as  important  to  increase  the  engine  speed  by  grad- 
ual movement  of  the  spark  and  throttle  lever  as  it  is  to  engage  the 
clutch  or  apply  brakes  gradually. 

Q.  What  is  the  normal  position  of  spark  lever  on  good  roads, 
and  under  unfavorable  conditions? 

A.  When  rimning  on  good  roads  the  spark  lever  should  be  ad- 
vanced as  much  as  possible  without  producing  a  knock  in  the  engine 
and  speed  variations  obtained  by  throttle  or  accelerator  control. 
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On  bad  roads,  when  climbing  a  grade  or  under  Miy  other  •condi- 
tions that  will  cause  the  engine  to  alow  up,  the  spark  lever  musibe 
retarded  to  such  a  point  that  the  engine  will  not  knock. 

Q.     What  is  necessary  before  changing  gears? 

A.  Before  shifting  the  speed  chai^ng  lever  it  is  Decesswy  To 
dow  down  the  engine  and  to  release  the  clutch  by  applying  the 
pedal. 

Q.  What  is  the  best  method  of  negotiating  a  small  strip  of 
imfavorable  highway,  such  as  one  covered  with  crushed  stone? 

A.  The  brat  method  of  passing  over  a  short  strip  of  unfavorable 
highway  is  to  gather  just  sufiicient  momentum  before  reaching 
the  obstructions  so  the  clutch  may  be  released  and  the  car  coast 
over  the  broken  stMie  at  a  slow  speed. 


Neutral  to  I^w. 


Low  to  Second 


>  Higher  Speed  Ratio 


Q.  Describe  methods  of  driving  a  car  on  long  stretches  of 
poor  road. 

A.  As  it  is  not  good  practice  to  drive  a  car  at  high  speed  over 
unfavorable  highways  and  as  the  road  resistance  may  be  such  that 
the  full  power  of  the  en^ne  will  be  needed  it  is  always  well  to  throw 
the  speed  change  lever  in  one  of  the  lower  gear  positions  and  drive 
the  car  on  either  first  or  second  speed  depending  upon  the  nature 
of  the  roadway. 
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Q.     What  should  be  done  before  passing  another  vehicle? 

A.  Sufficient  -warning,  by  means  of  the  bulb  or  electric  horn, 
should  always  be  given  before  attempting  to  pass  another  vehicle. 
The  car  speed  should  always  be  slacked  up  in  passing  a  pedestrian 
or  a  horse  drawn  conveyance  and  sufficient  warning  given  in  order 
to  prevent  confusion.  If  a  horse  is  restive  and  appears  frightened 
it  is  only  common  courtesy  for  the  motorist  to  pull  up  to  the  side 
of  the  road  and  throttle  the  engine  down  low  in  order  to  prevent 
noise  and  avoid  frightening  the  animal. 


High  to  Second 


Second  to  Low 


Fig.  266. — Method  of  Changing  From  Higher  to  Lower  Speed  Ratio. 

Q.     What  should  be  done  if  another  car  desires  to  pass? 

A.  If  a  suitable  warning  signal  is  heard  signifying  the  car 
behind  wants  to  pass,  one  should  go  as  far  to  the  right  as  possible 
in  order  to  provide  the  maximum  space  at  the  left  for  the  overtak- 
ing vehicle. 

Q-    What   appliance   insures  traction  on  slippery  roads? 

A.  If  tires  of  the  plain  round  tread  are  used,  traction  on  slippery 
roads  will  be  materially  improved  by  using  some  form  of  anti- 
skid chain  which  may  be  easily  attached  to  the  tire  when  needed 
and  removed  when  they  have  served  their  purpose. 

Q.    When  should  the  lowest  gear  ratio  be  used? 

A.  The  lowest  gear  ratio  should  always  be  used  when  starting 
the  car  on  a  grade  or  when  road  surfaces  are  in  very  poor  condition. 
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Q.    When  is  the  intermediate  ratio  desirable? 

A.  The  intermediate  gear  ratios  are  always  used  when  conditions 
of  operation  are  too  severe  for  the  direct  drive  and  yet  the  resistance 
is  not  so  great  that  the  low  gear  must  be  used.  The  intermediate 
ratio  will  often  save  the  engine  from  laboring  if  used  on  sandy  or 
muddy  roads  or  when  cUmbing  gradients.  Better  speed  can  be 
made  on  the  intermediate  ratio  over  unfavorable  road  surfaces 
than  can  be  attained  with  the  direct  drive. 

Q.  Why  is  the  direct  drive  or  high  speed  the  best  suited 
for  average  conditions? 

A.  When  the  lower  gear  ratios  are  used  considerable  power  is 
absorbed  by  friction  of  the  gears  in  the  change  speed  gearset  whereas 
on  the  high  speed  or  direct  drive  position  practically  the  only  power 
lost  is  at  the  driving  gears  in  the  rear  axle.  The  lower  ratios 
are  also  apt  to  be  noisy  whereas  the  direct  drive  is  more  silent. 
When  in^the  direct  drive  position  there  is  practically  no  wear  on 
the  change  speed  gears  and  for  this  reason  it  is  desirable  to  drive 
a  car  by  throttle  control  with  the  high  speed  engaged  as  much  as 
possible. 

Q.  When  climbing  a  grade,  how  does  the  operator  know 
when  to  shift  from  a  higher  to  a  lower  ratio? 

A.  When  climbing  a  grade  with  either  the  low  or  intermediate 
speed  engaged  an  acceleration  of  the  engine  speed  without  a  cor- 
responding movement  of  the  spark  or  throttle  levers  means  that  the 
resistance  is  lessened  and  that  the  car  will  probably  take  the  grade 
on  a  higher  ratio.  The  method  of  changing  from  a  low  speed  to 
the  direct  drive  with  a  three  speed  selective  gearset  is  clearly  shown 
at  Fig.  265.  The  clutch  pedal  is  depressed  and  the  gear  shift  lever 
is  moved  from  the  low  speed  position  to  the  second  speed  and  the 
clutch  again  re-engaged  to  see  if  the  engine  will  pull  all  right  on  this 
ratio.  If  the  engine  speed  continues  to  accelerate  the  hand  lever 
may  be  pulled  back  from  position  2  to  position  3  which  engages 
the  direct  drive  or  highest  ratio. 

Q.  How  can  the  driver  tell  when  to  shift  from  a  high  to  a 
lower  ratio? 

A.     If  the  engine  begins  to  labor  when  in  the  high  gear  and  open- 
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ing  the  throttle  more  does  not  produce  an  acceleration  of  car  speed 
it  is  an  indication  that  the  resistance  is  becoming  too  great  for  the 
amoimt  of  power  available  and  that  it  is  necessary  to  shift  down 
to  a  lower  ratio.  This  may  be  done  as  indicated  at  Fig.  266. 
First  step  is  to  gp  from  the  high  speed  position  to  the  intermediate 
speed  and  if  the  engine  continues  to  labor  on  the  intermediate  speed 
the  lowest  gear  ratio  should  be  engaged. 


Selective  **  Speed  Chaiifee 


Neutral  to  Reverse 


Low  to  High 


High  to  Low 


Fig.  267. — Showing  Selective  Speed  Changes  on  Overland  Car. 

Q.  Is  it  desirable  to  slip  the  clutch  when  slowing  down 
car? 

A.  It  is  not  good  practice  to  slip  the  clutch  to  reduce  car  speed 
because  the  slipping  produces  rapid  wear  of  the  frictional  material 
on  clutches  of  the  cone  type  and  will  produce  wearing  of  the  parts 
and  heating  in  clutches  of  the  plate  and  multiple   disc   patterns. 

Q.  Why  should  clutch  be  disengaged  when  brakes  are 
applied? 

A.  If  brakes  are  applied  without  releasing  the  clutch  the  brak- 
ing members  are  called  upon  not  only  to  arrest  the  car  momentum, 
but  also  to  absorb  the  engine  power,  which  they  jy-e  not  designed 
to  do. 

Q.  Why  is  it  desirable  to  accelerate  speed  of  car  before 
reaching  an  upgrade? 
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A.  If  road  conditions  are  favorable  and  a  car  is  speeded  up 
before  it  reaches  an  up  grade  it  will  acquire  considerable  momentum 
which  will  assist  the  engine  in  overcoming  the  grade  resistance. 

Q.    What  is  the  best  process  of  descending  steep  hills? 

A.  When  descending  a  steep  or  long  hill  it  is  well  to  release 
the  clutch  lever  and  throw  off  the  switch  in  order  to  stop  the  engine. 
When  the  bottom  of  the  hill  is  reached  and  before  the  car  speed  has 
been  checked  appreciably,  one  can  throw  the  switch  back  in  operative 
position  and  when  the  clutch  is  re-engaged  the  engine  will  start. 
The  advantage  of  coasting  is  that  not  only  is  wear  reduced  apprec- 
iably and  some  fuel  saved  but  the  engine  is  given  a  chance  to  cool 
down  and  the  car  can  be  checked  much  more  easily  if  allowed  to 
descend  a  hill  by  its  own  momentum. 

Q.     How  can  the  engine  be  used  as  a  brake? 

A.  In  event  of  failure  of  the  regular  braking  members  a  decided 
retarding^  effect  may  be  obtained  by  placing  the  gearshift  lever  in 
the  low  or  intermediate  speed  position,  throwing  off  the  ignition 
switch  and  applying  the  clutch  so  that  the  rear  wheels  must 
turn  the  engine  against  compression.  This  virtually  turns  the  en- 
gine into  an  air  compressor  and  it  will  absorb  considerable  power. 

Q.  Describe  general  precautions  regarding  lights,  warning 
signals  and  license  hangers  that  will  insure  against  trouble  in 
most  States. 

A.  The  laws  of  most  States  call  for  the  use  of  adequate  brakes, 
a  suitable  warning  signal,  and  lights  at  night  as  well  as  the  display 
of  license  tags  issued  by  that  State  or  home  State  of  the  motorist. 
Visiting  motorists  going  from  one  State  to  another  are  not  required 
to  take  out  a  new  license  in  every  State  they  pass  through,  unless 
they  intend  to  stay  over  ten  days.  The  license  hangers  must  be 
displayed  in  an  easily  seen  location  and  must  be  kept  clean  and 
should  be  so  placed  that  they  will  be  illuminated  after  dark.  The 
laws  generally  call  for  a  red  light  in  the  rear  which  will  throw  a 
white  light  on  the  license  number  and  two  white  lights  on  the  front 
of  the  car  which  will  be  easily  discernible  two  hundred  feet  from 
the  car. 

_   Note. — See  Appendix  for  Digest  of  State  Motorins:  Laws. 


LESSON  THIRTY 
OILING  THE  MOTOR  CAR  CHASSIS 

Q.    What  is  the  most  important  part  to  oil  in  the  automobile? 

A.  The  power  plant  is  the  most  important  part  of  the  automo- 
bile chassis  and  in  order  to  obtain  continued  efficient  operation 
without  overheating  or  diminution  of  power  it  is  necessary  to  keep 
all  interior  working  parts  covered  with  a  film  of  oil. 

Q.  What  grade  of  lubricant  is  necessary  for  the  engine,  and 
how  is  it  applied? 

A.  Only  the  best  grade  of  cylinder  oil  should  be  used  to  lubri- 
cate the  internal  combustion  motor  and  the  viscosity  or  body  re- 
quired will  depend  upon  the  individual  requirements  of  the  power 
plant.  Some  engines  have  very  closely  fitting  pistons  and  rings  and 
tightly  adjusted  bearings  which  means  that  a  light  bodied  oil  must 
be  used  in  order  to  form  a  film  between  the  clcsely  fitting  parts. 
Other  engines  will  operate  better  on  medium  grade  oils,  while  an 
engine  that  has  been  run  for  a  time  so  that  the  working  parts  have 
freed  up  will  require  heavier  bodied  oils  in  order  to  cushion  the 
shock  between  worn  parts. 

In  the  simple  forms  of  constant  level  splash  feed  lubrication  sys- 
tems the  oil  may  be  introduced  through  breather  pipes  in  the  side 
of  the  crank  case,  as  indicated  at  Fig.  268.  In  some  power  plants 
a  mechanical  oiler  having  individual  pump  feed  is  utilized  as  shown 
at  Fig.  269.  In  this  case  in  addition  to  introducing  oil  through 
the  breather  pipes  G  and  K  the  mechanical  oiler  must  be  kept 
filled.  This  lubricator  is  driven  by  an  extension  of  the  pump  shaft 
and  has  independent  adjustments  so  the  amount  of  oil  going  to 
each  cylinder  through  the  individual  leads  may  be  varied  at  will. 
The  screw  A  regulates  the  oil  supply  to  the  rear  cylinder,  B  to  the 
third  cylinder,  C  to  the  second  cylinder  and  D  to  the  first  cylinder. 
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The  screws  E  and  F  regulate  the  amount  of  oil  supplied  the  timing 
gear  case.  The  breather  pipe  Q  is  provided  with  an  easily  remov- 
able cap  and  is  used  as  an  oil  reservoir  filling  tube,  while  the  breather 
K  which  has  a  non-removable  screen  at  the  top  is  used  only  for  re- 
lieving crank  case  compression. 

In  the  motor  shown  at  Fig.  270  a  sight  indicator  which  shows 
the  level  of  oil  in  the  crank  case  gives  notice  when  it  is  necessary 
to  insert  more  lubricant  through  the  oil  filler  opening  at  Ite  side. 
Most  motors  used  to-day  employ  one  of  the  breather  pipes  as  a 


Fig.  268— Showing  Breather  Pipia  Through  Which  Oil  May  Be  In- 
troduced in  Engine  Base. 

filler  and  as  the  oil  is  carried  in  a  sump  integral  with  the  crank  case 
it  is  not  difficult  for  the  lubricant  to  reach  the  container  when  intro- 
duced through  the  crank  case  compression  release  tubes. 

Q.  Does  the  oil  from  the  interior  lubricate 'all  parts  of  the 
power  plant? 

A.  The  oil  supplied  to  the  interior  of  the  motor  is  depended  on 
only  to  lubricate  the  parts  contained  in  the  engine  crank  case ;  these 
include  the  piston  and  cylinder  walls,  the  piston  rings,  upper  and 
lower  connecting  rod  bearings,  the  main  crank  shaft  bearings,  the 
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journals  supporting  the  cam  shaft,  the  cams,  the  valve  operating 
plungers,  and  in  some  cases,  the  timing  gears.  There  are  a  number 
of  other  points,  however,  on  the  exterior  of  the  engine  that  need 
lubrication  that  cannot  be  reached  from  the  interior. 

Q.     How  are  the  exposed  parts  of  engine  lubricated? 

A,  In  the  engine  shown  at  Fig.  269,  for  example,  there  are  a  num- 
ber of  exposed  parts  that  need  lubrication  and  that  must  be  supplied 
either  through  the  medium  of  a  hand  oil  can  or  by  grease  cups 


attached  to  the  p<Mnts  needing  lubricant.  On  the  top  of  the  engine, 
each  of  the  valve  operating  rocker  arms  is  provided  with  a  small, 
oil  cup  at  its  fulcrum  polntf  or  bearing  on  which  it  rocks,  so  thesei 
pins  may  be  oiled  daily.  Some  grease  cups  are  provided  on  the. 
fan  supporting  bracket,  the  timing  gear  case  and  the  pump  bearings. 
These  are  also  intended  to  be  screwed  down  one  or  two  turns  every 
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Q.     What  parts  of  cooling  system  need  oil? 

A.  The  only  parts  of  the  cooling  system  that  require  lubri- 
cation, other  than  that  obtained  from  the  interior  of  the  engine 
itself,  are  the  bearings  of  the  fan  hub  and  those  of  the  pump. 

Q.  How  are  fan  bearings  lubricated^  and  how  often  should 
lubricant  be  applied? 

A.  As  is  clearly  shown  at  Fig.  270,  a  small  grease  cup  is  screwed 
into  the  f^sm  hub  and  a  few  turns  of  this  member  suffices  to  lubri- 
cate the  fan  properly  for  several  hundred  miles  of  car  service. 

Q.     What  is  the  method  of  lubricating  pump  bearings? 

A.  Bearings  of  the  circulating  pump,  which  are  of  the  plain 
bronze  bushing  type,  need  certain  quantities  of  lubricant  and  this 
is  introduced  through  small  grease  cups  attached  to  the  pump 
casing  which  are  given  a  couple  of  turns  each  two  or  three  hundred 
miles  of  car  service. 

Q.     What  parts  of  ignition  system  need  oil? 

A,  Piractically  the  only  points  in  the  igniti  n  systejn  requiring 
lubrication  are  the  bearings  of  the  magneto  armature  or  the  rotat- 
ing parts  of  a  primary  timer. 

Q.  Describe  lubricant  to  use  in  magneto  and  specify  all  points 
needing  it. 

A.  The  magneto  armatures,  for  the  most  part,  as  well  as  the 
distributor  shafts,  are  supported  on  anti-friction  bearings  of  the 
ball  type,  and  the  mistake  is  often  made  of  applying  too  much 
lubricant.  Most  magnetos  have  three  oil  holes,  one  over  each 
armature  bearing  and  one  communicating  to  the  distributor  shaft 
bearings.  Three  or  four  drops  of  light  sewing  machine  oil  applied 
to  each  of  these  oil  holes  every  five  hundred  miles  of  car  operation 
is  all  that  is  necessary.  A  few  drops  should  also  be  introduced 
on  the  rubbing  parts  of  the  contact  breaker  at  the  same  time  the 
rest  of  the  device  is  oiled.  If  a  magneto  is  oiled  too  freely,  the  arm- 
ature may  become  oil-soaked  which  will  injure  the  insulation 
and  facilitate  short  circuit.  In  any  event  too  much  oil  will  cause 
serious  trouble  in  the  distributor  or  contact  breaker  by  interfering 
with  proper  electrical  contact  of  the  platinum  points  or  carbon 
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brushes  utilised  to  close  the  primary  and  secondary'  circuits  re- 
spectively. 

Q.    What  kind  of  lubricant  ^ould  be  used  in  primary  timer? 

A,  A  primary  timer  of  the  rolling  contact  form  should  be  lubri- 
cated with  a  few  drops  of  the  same  light  dynamo  oil  or  sewing  mach- 
ine lubricant  that  is  used  in  the  mi^neto  bearings.  Never  use 
lubricants  containing  graphite  around  electrical  apparatus. 


Pig.  271, — How  Grease  Cups  Are  Applied  for  Clutch  Lubrication. 

Q.     What  types  of  clutches  need  oil,  and  how  is  it  applied? 

A.  Plate  clutches  of  the  multiple  disc  pattern  are  the  only 
types  designed  to  run  in  lubricant  and  for  the  most  part'  these  re- 
volve in  a  bath  of  oil.  The  general  rule  is  to  drain  out  the  clutch 
case  every  five  hundred  miles  or  so,  ilush  out  with  kerosene  in  order 
to  clear  out  all  sediment  and  then  refill  with  from  one  to  two  quarts 
of  either  a  very  light  machine  oil  or  a  mixture  of  one-half  cylinder 
oil  and  one  half  kerosene.  The  amount  of  oil  supplied,  obviously, 
depends  upon  the  capacity  of  the  clutch  case. 

Q.     Are  there  any  clutches  that  can  be  run  without  oil? 

A.  Practically  all  cone  clutches  whether  faced  with  leather  or 
Raybeetos  and  multiple  disc  clutches  of  the  dry  plate  type  are  de- 
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signed  to  run  without  lubrication.  Applying  oil  to  clutches  of  this 
character  will  reduce  the  friction  adhesion  to  such  a  point  that  they 
will  not  transmit  power. 

Q.     What  parts  of  all  clutches  need  lubrication? 

A.  The  actuating  yoke  and  the  bearings  on  which  the  clutch 
driven  member  revolves  when  it  is  declutched  require  lubrication 
on  all  types  of  clutches.  A  typical  clutch  yoke  assembly  and  the 
points  needing  lubrication  are  outlined  at  Fig.  271. 

Q.  What  is  the  best  lubricant  for  clutch  actuating  yoke  or 
releasing  rolls? 

A.  The  clutch  actuating  yoke,  when  of  the  plain  bearing  type, 
is  oiled  with  a  small  compression  grease  cup  and  the  rolls  carried 
by  the  releasing  yoke  in  some  types  are  also  lubricated  with  grease 
because  this  substance  is  not  apt  to  be  squeezed  out  by  the  pressure 
existing  at  this  bearing  point.  A  grease  cup  also  communicates 
with  the  thrust  and  radial  bearings,  used  to  support  the  clutch 
driven  members. 

Q.     What  points  of  friction  disc  transmission.need  oil? 

A.  The  bearing  points  on  the  cross  shaft  and  on  the  friction  driv- 
ing disc  shaft  are  usually  of  the  anti-friction  type  and  are  packed  in 
grease  and  the  supply  is  renewed  through  small  compression  grease 
cups.  The  path  for  the  shding  driven  disc  should  also  be  kept  well 
lubricated  with  oil  so  that  this  will  move  freely  from  one  point  to 
another  in  obtaining  speed  changes. 

Q.     Describe  method  of  oiling  planetary  gearsets? 

A.  Planetary  gearsets  are  either  housed  in  a  casing  so  they  re- 
volve in  an  oil  bath  as  in  the  Ford  automobile  or  are  carried  in  oil 
tight  cases  which  may  be  filled  with  a  light  semi-fluid  mineral  oil 
through  a  suitable  filler  plug  in  the  side  of  the  gear  case  as  in  Buick 
cars. 

Q.  What  is  the  common  method  of  lubricating  sliding  gear 
transmission? 

A.  Sliding  gear  transmissions  are  invariably  designed  so  the 
gears  revolve  in  a  mass  of  lubricant  contained  in  the  gear  case. 
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TraDsiiii8«<m8  of  this  nature  are  provided  with  a  large  removable 
cover  plate,  as  shown  at  Fig.  272,  and  the  grease  may  be  easily  in- 
troduced into  the  gear  case  to  replenish  any  waste  lubricant.  As 
a  rule,  the  transmission  case  does  not  require  attention  more  often 
than  once  in  every  twd  thousand  miles  and  at  the  end  of  this  period 


Pig.  272.— Typical   G«arcaae  Vfith  Cover  Removed  to  Show  Large 
Opening  Through  Which  Lubricant  Majr  Be  Introduced. 

of  operation  it  is  advised  by  many  authorities  that  the  gear  ease  be 
thoroughly  cleaned  and  flushed  with  kerosene  to  remove  all  traces 
of  the  old  grease  and  any  metallic  particles  that  may  have  been 
dislodged  from  the  gear  teeth.  Some  gears  are  designed  to  run 
^th  a  moderately  viscous  graphite  grease  while  other  forms  are 
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designed  to  operate  in  a  very  heavy  cylinder  oil  such  as  used  in 
steam  engines. 

Q*  Are  lubricants  containing  cork  or  wood  fibers  desirable  for 
use  in  gearsets? 

A.  Some  makers  advertise  greases  that  are  guaranteed  to  silence 
noisy  gearsets.  These  contain  particles  of  cork  or  shredded  wood 
designed  to  fill  the  space  between  the  worn  gear  teeth  and  cushion 
the  shock  that  oil  or  grease  would  not  be  capable  of  doing  by  it- 
self. These  greases  should  never  be  employed  in  gear  sets  if  effi- 
cient operation  is  desired  because  they  not  only  interpose  an  item 
of  serious  frictional  resistance  and  consume  power  but  are  also 
entirely  unsuited  for  the  anti-friction  ball  or  roller  bearings  used 
to  support  practically  all  change  speed  gear  shafts. 

Q.  Why  are  greases  containing  animal  fats  or  other  organic 
fillers  undesirable  for  motor  car  use? 

A.  Greases  adulterated  with  animal  fats  to  give  them  more 
body  are  unsuited  for  lubricating  the  motor  vehicle  parts  because 
they  become  rancid  after  they  have  been  used  for  a  time  and  they 
liberate  fatty  acids  which  will  injure  the  finished  surfaces  of  the 
gears  and  anti-friction  bearings.  Greases  of  this  nature  gum  up 
very  easily  and  as  they  harden  the  revolving  gears  will  cut  paths 
in  which  they  turn  and  no  lubricant  is  supplied  to  the  gear  teeth 
though  the  transmission  case  may  be  half  full  of  the  solidified 
grease. 

Q.    What  points  of  chain  driving  systems  require  lubrication? 

A.  The  chains  are  practically  the  only  parts  requiring 
lubrication  as  the  bearings  of  the  jack-shaft  and  rear  wheels 
are  taken  care  of  by  suitable  grease  cups  or  lubricant  packing 
while  the  sprockets  will  always  receive  sufficient  lubricant  from 
the  chains. 

Q.     Describe  method  of  lubricating  driving  chains. 

A.  Chains  should  never  be  lubricated  by  the  indiscriminate 
application  of  oil  or  grease  to  the  exterior,  as  this  coating  serves 
merely  to  collect  road  dust  and  grit  which  acts  as  an  abrasive 
material  to  produce  rapid  depreciation  of  the  chains  and  sprockets. 
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The  chains  should  be  removed  every  five  hundred  miles  and  thor- 
oughly cleaned  with  kerosene  to  remove  all  accumulated  dirt  and 
especially  to  wash  the  grit  out  from  the  joints  in  the  chain  links. 
After  the  chains  have  been  thoroughly  cleaned  by  being  allowed  to 
soak  for  a  time  in  the  bath  of  kerosene  they  are  removed  and  im- 
mersed in  a  vessel  of  suitable  size  containing  a  mixture  of  mineral 
grease  and  graphite  in  a  semi-fluid  condition  which  has  been  pro- 
duced by  heating.  After  the  lubricant  has  had  ample  opportunity 
to  penetrate  into  all  the  crevices  between  the  chain  links,  rollers 
and  bearing  rivets,  the  chain  is  removed  and  the  surplus  lubri- 
cant wiped  from  the  outside.  The  sprockets  have  been  thoroughly 
cleaned  while  the  chains  have  been  cleaned  or  lubricated  and  the 
chains  can  be  replaced  without  lubricating  the  sprockets. 

Q.     How  are  universal  joints  lubricated? 

A.  Universal  joints  are  generally  encased  in  grease  retaining 
housings  and  do  not  need  lubrication  oftener  than  every  month, 
or  every  thousand  miles  of  car  service.  The  dirty  grease  is  removed 
by  flushing  out  with  kerosene  and  the  joint  may  be  refilled  with 
transmission  oil  or  light  mineral  grease  depending  on  the  construc- 
tion. Some  universal  joints  are  provided  with  small  compression 
grease  cups  which  may  be  screwed  down  from  time  to  time,  while 
others  mounted  at  the  front  end  of  a  torque  tube  axle  employing 
but  one  universal  joint  are  provided  with  a  separate  oil  lead  from 
a  mechanical  oiler  or  with  a  large  grease  cup  which  lubricates  the 
ball  joint  in  which  the  universal  joint  is  carried  as  well  as  the  parts 
of  the  joint. 

Q.  Describe  rear  axle  points  needing  lubrication  and  outline 
the  lubricants  to  use. 

A.  There  are  a  number  of  points  in  the  rear  construction  that 
require  lubrication,  these  being  clearly  shown  at  Fig.  273.  The 
differential  assembly  and  the  driving  gears  as  well  as  the  bearings 
supporting  these  members  are  designed  to  operate  in  a  constant  bath 
of  lubricant  carried  in  the  differential  gear  case.  The  wheels  re- 
volve on  bearings  of  the  anti-friction  type  and  these  are  also  contain- 
ed in  grease  retaining,  dust  excluding  housings.  The  brake  actu- 
ating rod  bearings  and  the  various  minor  joints,  such  as  the  rotat- 
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ing  spring  chairs  or  seats  and  the  various  yoke  and  lever  connections 
can  be  oiled  from  a  hand  oiler  from  time  to  time. 

Q.  How  often  should  differential  and  driving  gear  assembly 
be  greased? 

A.  The  rear  axle  differential  casing  should  be  drained  thor- 
oughly of  all  lubricant  and  flushed  out  with  kerosene  every  thousand 
miles.  Some  differential  assemblies  use  a  mixture  of  transmission 
oil  and  cylinder  oil,  others  use  light  graphite  grease,  and  in  any 
event,  enough  lubricant  should  be  placed  in  the  case  so  it  will  reach 
nearly  to  the  under  portion  of  the  driving  shaft.  A  heavier  lubri- 
cant is  needed  in  hot  weather  than  during  the  winter  months  when 
a  mixture  of  half  cylinder  oil  and  half  transmission  oil  is  recom- 
mended. 

Q.     How  often  are  wheels  lubricated? 

A.  The  wheel  bearings  are  taken  down,  cleaned  and  repacked 
with  light  mineral  or  graphite  grease  every  thousand  miles. 

Q.  What  points  on  the  front  axle  need  greasing,  and  how 
often? 

A.  The  principal  points  of  the  front  axle  that  need  frequent 
attention  are  the  small  oilers  or  grease  cups  provided  on  the  steer- 
ing knuckle  bolts  and  on  the  steering  connections.  The  wheel 
bearings,  which  are  contained  in  a  grease  tight  hub,  are  packed  in 
lubricant,  the  supply  of  which  is  renewed  after  the  hub  interior 
has  been  thoroughly  cleaned  out  every  thousand  miles.  A  typical 
front  hub  assembly  mounted  on  taper  roller  bearings  is  clearly 
outlined  at  Fig.  274,  which  also  shows  the  grease  cups  carried  on 
the  end  of  the  steering  spindle  bolt  which  supplies  lubricant  to  the 
roller  bearings  that  take  the  weight  of  the  car  and  make  for  easy 
steering. 

Q.     Where  are  steering  gears  lubricated? 

A.  Practically  all  steering  gears  have  enclosed  reduction  gears 
and  these  are  lubricated  by  a  grease  packing  which  need  not  be  re- 
newed except  during  the  yearly  overhauling.  When  the  steering 
tube  to  which  the  wheel  is  attached  passes  through  an  outer  easing, 
it  is  necessary  to  put  a  few  drops  of  oil  into  this  casing  every  week 
VI  order  to  prevent  rusting  and  sticking  of  one  tube  inside  of  the 
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Pig.  274. — Showing  Bearings  in  Hub  of  Front  Wheel  and  Points  on 
i>i.eering  Spindle  Needing  Oil. 

other.  The  motor  control  rods  also  pass  through  the  interior 
and  while  no  provision  is  made  for  lubricating  these  as  a  rule  it  b 
good  practice  to  loosen  the  connections  at  their  lower  end  and  lift 
them  out  of  the  steering  tube  far  enough  to  permit  of  oil  being  in- 
troduced. This  need  not  be  done  oftener  than  two  or  three  times 
a  season. 

Q.     What  frame  parts  need  oil,  and  how  often? 

A.  There  are  a  multitude  of  small  points  of  minor  importance 
on  the  chassis  that  require  lubrication  in  order  to  prevent  untimely 
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depreciation.  Among  these  may  be  mentioned  the  clutch  and  brake 
pedal  supporting  shaft,  the  control  lever  shafts  and  the  bearings  for 
these  members;  the  ends  of  the  radius  rod  or  torque  tube,  the  var- 
ious minor  joints  or  yoke  connections  at  the  end  of  the  spark  and 
throttle  lever  members  and  the  brake  rods  and  other  moving  points 
where  no  regular  provision  is  made  for  lubrication.  These  pointa 
should  be  gone  over  every  two  hundred  and  fifty  or  three  hundred 
miles  with  a  hand  oil  can  containing,  heavy  oil. 

Q.    Why  should  control  lever  tubes  and  bearings  be  oiled? 

A.  While  the  gear  shift  and  emergency  brake  levers  have  only 
an  oscillating  movement  and  in  the  case  of  the  selective  transmission 
the  gear  shift  lever  may  have  a  sidewise  motion,  it  is  necessary  ta 
oil  these  regularly  because  the  control  tubes  may  become  rusted. 
As  the  shaft  and  tube  for  the  emergency  brake  and  gearshift  lever 
are  usually  mounted  one  inside  of  the  other,  any  deposit  of  rust 
will  cause  binding  and  will  interfere  with  gear  shifting  or  brake 
application.  The  same,  reason  applies  for  lubricating  the  clutch 
and  brake  operating  pedal. 

Q.  Describe  lubrication  of  springs  and  outline  best  method  of 
introducing  oil  between  the  spring  leaves. 

A.  The  spring  shackles  of  practically  all  cars,  even  those  of  the 
cheaper  runabouts,  are  provided  with  oil  holes  or  small  grease  cups 
through  which  lubricant  may  be  introduced  at  the  bearing  points 
between  the  spring  eye  and  the  shackle  bolt.  About  once  or  twice 
a  season  it  is  good  practice  to  introduce  oil  between  the  spring  leaves 
in  order  that  these  members  shall  slide  over  each  other  freely  which 
reduces  the  tendency  to  squeak,  as  well  as  improving  spring  flex- 
ibility. There  are  two  methods  of  separating  the  spring  leaves 
without  actually  taking  the  spring  apart.  One  of  these  is  to  jack 
up  the  car  by  placing  the  weight  raising  jacks  under  the  frame 
members  so  that  the  car  weight  will  be  taken  oJBf  of  the  axle  and 
springs.  After  the  frame  has  been  raised  to  the  required  height 
so  the  wheels  clear  the  ground  the  weight  of  the  axle  construction 
will  tend  to  separate  the  leaves  of  the  springs  slightly  and  graphite 
«;rease  may  be  introduced  between  them  with  a  thin  piece  of  sheet 
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brass  or  steel  or  the  oil  may  be  squirted  in  from  the  liand  oil  can. 
The  best  method  of  introducing  oil  is  by  using  a  simple  fixture, 
as  outlined  at  Fig.  275-A,  This  has  two  points,  one  of  which  is 
fixed,  while  the  other  is  slidably  mounted  on  a  rod  forming  the  back- 
bone of  the  device:  A  threaded  screw  provided  with  a  T  handle 
ia  adapted  to  bring  the  points  together  and  as  considerable  pressure 
may  be  exerted  on  the  thread  of  the  screw  it  is  possible  to  spread  the 
spring  leaves  and  introduce  oil  as  shown  at  B  without  jacking 
up  the  car. 


Q.  What  parts  of  a  car  should  be  kept  free  from  oil  or  grease 
at  all  times? 

A,  Among  the  parts  of  the  car  that  should  be  kept  free  from  ex- 
cessive accumulations  of  oil  or  grease  may  be  mentioned  the  spark 
plugs  and  magneto  of  the  ignition  system,  all  electrical  wiring,  the 
clutch  when  of  the  cone  or  dry  plate  type,  the  brakes  and  the  tires. 
Oil  will  rot  rubber  rapidly  and  any  grease  thrown  on  the  tires  from 
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the  axle  should  be  wiped  oflf  immediately  when  discovered  in  order 
to  prevent  deterioration  o  the  casing  The  same  applies  to  the 
rubber  insulation  of  the  electric  wiring. 

Q.  How  can  one  tell  if  there  is  too  much  oil  in  the  engine, 
and  what  is  its  effect? 

A.  Overlubrication"  of  the  motor  is  apt  to  produce  carbon 
deposits  and  overheating  because  of  these  accumulations  in  the 
combustion  chamber  and  also  results  in  loss  of  power  on  account  of 
the  earb«n  deposits  which  may  gum  up  the  piston  rings  or  the  valves. 
If  too  much  lubricating  oil  is  supplied  the  engine  the  exhaust  gas 
will  be  bluish  white  in  color,  and  the  amount  of  surplus  oil  is.  readily 
indicated  by  the  density  of  the  smoke.  A  light  smoke  when  the 
engine  is  speeded  up  is  not  necessarily  a  sign  of  overlubrication 
and  some  closely  fitted  engines,  especially  those  of  the  sleeve  valve 
type,  require  to  be  copiously  lubricated  at  all  times. 

Q.  What  are  the  indications  of  not  enough  oil  in  the  power 
plant? 

A.  If  the  engine  seems  to  lose  power  and  overheat  and  the 
trouble  is  not  due  to  defective  carburetion  or  cooling  one  should 
suspect  that  the  engine  is  not  receivmg  lubricant  enough.  The 
indications  of  lack  of  lubricant  are  so  pronounced  that  they  are 
readily  recognized  by  even  the  novice  and  it  is  only  in  cases  of 
extreme  carelessness  that  the  engine  may  get  dry  enough  to  indicate 
its  distress  by  squeaking  or  grinding  noises. 

Q.  What  is  the  result  if  an  excessive  amount  of  grease  is 
supplied  to  the  gearcase  or  the  rear  axle? 

A.  Too  much  grease  in  the  transmission  or  diflferential  case  is 
apt  to  be  evidenced  by  leaking  at  the  bearing  points.  This  is  es- 
pecially noticeable  in  rear  axles  on  account  of  the  difficulty  of  hav- 
ing these  members  absolutely  oil  tight  and  still  be  free  running. 
If  too  much  grease  is  supplied  to  the  diflferential  case  it  is  apt  to 
run  along  the  drive  axles  or  shafts  and  escapes  from  the  end  of  the 
axle  into  the  brake  drums  from  which  point  it  is  thrown  around 
on  the  tire.  This  grease  accumulation  also  interferes  with  the  action 
of  internal  brakes. 
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Fig.  276.— Chassis  of  Chalmers  Car  Showing  Important  Points 
Needing  Oil. 
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Q.  What  is  the  basic  rule  to  observe  to  secure  efficient  lubri- 
cation? 

A.  First  of  all,  the  motorist  must  be  prepared  to  buy  and  use 
only  the  best  oils  and  greases,  especially  for  motor  lubrication. 
This  assurance  is  obtained  by  buying  the  product  of  only  reput- 
able manufacturers  of  lubricants  and  paying  enough  for  them  to 
procure  material  of  the  proper  quality.  The  instructions  given 
by  most  makers  of  cars  for  lubrication  should' be  followed  to  the 
letter  and  the  greases  recommended  by  them  should  be  used  in 
preference  to  those  the  motorist  might  select  for  himself.  A  com- 
prehensive lubrication  chart  showing  the  important  points  demand- 
ing lubrication  on  a  Chalmers  chassis  is  clearly  outlined  at  Fig, 
276  while  the  lubrication  chart  prepared  by  the  engineers  of  the 
Overland  Company  is  presented  in  the  form  of  a  folding  plate, 
Fig.  276a. 

The  schedule  of  lubrication  appended  applies  to  the  Chalmers 
chassis  but  as  this  is  typical  of  standard  design  the  instructions 
given  can  be  followed  to  advantage  in  other  cars  of  similar  con- 
struction. 


EVERY  DAY  CAR  IS  IN  USE,  OR  EVERY  100  MU.ES. 


PART 
Crank  case 


QUANTITY 

Keep  oil  at  level  of  top    Motor  oil. 

try  cock. 
One  complete  turn. 


LUBRICANT 


Steering  knuckle 

Steering  knuckle  grease     One  complete  turn. 

cups. 
Steering  cross  rod  One  complete  turn. 

grease  cups. 
All  spring  bolt  grease     Two  complete  turns. 

cups. 
Eooentric  bushing. 
Wheel  hub  oilers. 


10  or  15  drops. 
10  drops. 


Cup  grease. 
Cup  grease 

Cup  grease. 

Cup  grease. 

Motor  oil. 
Motor  oil. 


TWICE  A  WEEK,  OR  ABOUT  EVERY  200  MILES. 

PART  QUANTITY  LUBRICANT 

Fan  hub  bearing.  Few  drops.  Motor  oil. 


Pump  shaft  grease  cup.     Two  complete  turns. 
.Rooker  arnuB.  Thorough]/. 


Cup  grease. 
Motor  oiL 


I 


Lubricating  Quut  fo 


Fig.  aySA. — ^Lubrication  Chart  For  Overland  Hod 


fr  Ovwkmcl  Model  71 


^1   71  Can  Be  Used  As  a  Guide  for  Similar  Designs. 
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PART 

Steering  gear  case  oiler. 
Steering  gear  case 

grease  cup. 
Steering  wheel  oil  hole. 
Steering  column. 
Self-starter  distributor 

grease  cup. 


QUANTITY 

Fill. 

Two  complete  turns. 

8  or  10  drops. 
10  or  15  drops. 
One  complete  turn. 


^YERY  WEEK.  OR  ABOUT  EYERY  300  MILES. 


PART 

Starting  crank  bearing. 
Inlet  valve  covers. 
Spark  and  throttle 

shafts. 
Control  bracket  beaiv 

ings. 
Transmission  case. 

Clutch  casing. 

Pedal  fulcrum  pin. 
Brake  pull  rods  and 

connections. 
Self-starter  pump. 


QUANTITY 

10  drops. 
Tablespoon. 
Few  drops. 

Thoroughly. 

Enough  to  cover  lower 

shaft. 
Should  contain  1  quart 

to  3  pints. 
Thoroughly. 
Thoroughly. 

2  ounces. 


Brake  cross  rod  grease     Two  complete  turns. 

cups. 
(Inside  frame.) 
Torque  rod  grease  cups 

front  and  rear. 
Brake  shafts  on  rear 

wheels. 
Rear  spring  perch 

grease  cups. 


Two  complete  turns. 

Thoroughly. 

Two  complete  turns. 


TWICE  A  MONTH,  OR  EYERY  500  MILES. 


PART 

Magneto    bearings 

(3  oil  holes). 
Clutch  case. 


QUANTITY 
3  or  4  drops  each. 

Drain,  flush  with  kero- 
sene, refill  with  1 
quart  to  3  pints. 


LUBRICANT 

Motor  oil. 
Cup  grease. 

Motor  oil. 
Motor  oil. 
Cup  grease. 


LUBRICANT 

Motor  oil. 
Motor  oil. 
Motor  oil. 

Motor  oil. 

600  "W"   steam 

cylinder  oil. 
One-half  motor  oil 

one-half  kerosene. 
Motor  oil. 
Motor  oil. 

600  "W"   steam 

cylinder  oil. 
Cup   grease. 


Cup  grease. 
Motor  oil. 
Cup  grease. 


LUBRICANT 

High  grade  light. 

machine  oil. 
One-half  motor  oil 

one-half   kero* 

sene. 


484 


Questions  and  Answers 


EVERY  MONTH,  OR  EVERY  1,000  MILES. 


PART 

QUANTITY 

LUBRICANT 

Crank  case. 

Drain    off    dirty 

cil, 

Motor  oil. 

clean  oil  screen. 

fill 

to  level  of  top 

try 

cock. 

Q«ar  flhifting  rod  case. 

Pack  thoroughly. 

Cup  grease. 

Reach  rod  boots. 

Pack  thoroughly. 

Cup  grease. 

Spring  leaves  (jack  up 

Thoroughly. 

Graphite  grease. 

frame  and  pry  leaves 

apart). 

Hub  caps. 

Pack  thoroughly. 

Cup  grease. 

Universal  joints. 

Remove    grease    ] 
plug  and  fill. 

lole 

Cup  grease. 

Gasoline  pressure  hand 

4  or  5  drops. 

Light  machine  oil. 

pump. 

XVERY  2,000  MILES. 

PART 

QUANTITY 

LUBRICANT 

Differential  housing. 

3  pints. 

A  mixture  of  two- 
thirds  grease  and 
one-third    motor 
oil. 

Transmission  case. 

Drain  thoroughly, 

600  "W"  steam 

flush  with  kerosene, 

cylinder  oil. 

refill  to  cover  lower 

^     shaft. 

DYNAMO  SHOULD  BE  LUBRICATED  EVERY  5,000  MILES. 

Hrhen  Changing  Tires 

Put  a  few  drops  of  oil  inside  sliding  ring  of  demountable  rims  to  insure 
easy  detaching. 

Another  very  comprehensive  lubrication  schedule  has  been  pre- 
pared by  the  Packard  engineers  for  users  of  their  product  and  as 
this  gives  very  definite  instructions  regarding  the  lubrication  of 
various  chassis  parts  it  is  also  presented  for  the  reader's  information 
as  much  of  the  advice  can  be  applied  with  equal  advantage  to  other 
motor  cars. 

EVERY  DAY  CAR  IS  IN  USE,  OR  EVERY  150  MILES. 

With  cylinder  oil. 

Steering  knuckle  bolt  oilers Fill.  » 
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With  graphite  grease. 

Motor  clutch  shifter  bearing  sleeve  grease  cup  Two  complete  turns. 

Motor  clutch  shifter  shaft  grease  cup One  complete  turn. 

Steering  connecting  rod  and  cross  tube  grease 

cups One  complete  turn. 

Spring  bolt  grease  cups One  complete  turn. 

EVERY  WEEK,  OR  EVERY  300  MILES. 

With  cylinder  oil. 

Motor  starting  crank  bearing Eight  or  ten  drops. 

Shock  absorber  bearing  studs Thoroughly. 

Rear  axle  truss  rod  forward  connection Thoroughly. 

Rear  axle  brace  oilers Thoroughly. 

With  graphite  grease. 

Motor  fan  bearing  grease  cup Two  complete  turns. 

Rear  axle  outside  bearing  grease  cups One  complete  turn. 

TWICE  A  MONTH,  OR  EVERY  500  MILES. 

With  cylinder  oil. 

Motor  generator  oil  holes Ten  drops. 

Spark  and  throttle  adjusting  clevis  joints. . .  .Thoroughly. 

Motor  accelerator  i)edal  joints Thoroughly. 

All  brake  adjusting  clevises Thoroughly. 

External  and  internal  brake  fittings  and  con- 
nections   Thoroughly. 

Hand  brake  cam  oiler Thoroughly. 

Hand  brake  lever  ratchet Thoroughly. 

Foot  brake  pedal  bearing Thoroughly. 

Wilh  graphite  grease. 

Motor  clutch  pedal  shaft  grease  cup One  complete  turn. 

Steering  gear  case  grease  cups Two  complete  turns. 

With  cylinder  oil  and  kerosene. 

Change  speed  lever  shaft  bearings Thoroughly. 

Intermediate  brake  lever  shaft  and  connec- 
tions  Thoroughly. 

With  vaseline. 

Motor  generator  grease  tube. 

EVERY  MONTH,  OR  EVERY  1,000  MILES. 

With  cylinder  oil. 

Change  speed  reversing  bell  crank  oiler .Fill. 

Crank  case Drain  off  dirty  oil,  flush 

with  kerosene  and  fill  to 
pet  cock  level. 
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Magneto  bearing  oil  wells Few  drops. 

Motor  front  gear  compartment Drain  thoroughly. 

With  graphite  grease. 

Front  wheel  bearings Clean  with  kerosene  and 

repack. 

Motor  generator  and  magneto  shaft  univer- 
sal joints Oil  thoroughly. 

Rear  universal  joint Remove  grease  hole  plug 

and  fill  with  grease  again. 

Front  wheel  hub  caps Pack. 

Motor  water  pump  shaft  universal  joints Thoroughly. 

With  gasoline. 

Motor  carburetor  air  valve  stem Clean    thoroughly.     Do 

not  oil. 
With  transmission  oil. 

Front   universal   joint Dram   thoroughly,   flush 

(Half  cylinder  oil  and  half  transmission  with  kerosene  and  fill  to 

oil  in  cold  weather.)  pet  cock  level. 

Rear   axle   case Drain   thoroughly,   flush 

(Half  cylinder  oil  and  half  transmission  with  kerosene  and  fill  to 

oil  in  cold  weather.)  level  of  two  brass  plugs 

in  under  side  of  housing. 

Rear  axle  transmission  case Drain    thoroughly,   flush 

(Half  cylinder  oil  and  half  transmission  with  kerosene  and  fill  to 

oil  in  cold  weather.)  level    of    button    head 

screw  in  front  cover. 
ONCE  A  SEASON. 

With  graphite  grease 

Spring  leaves Jack  up  frame  to  separate 

leaves,  clean  and  lubri- 
cate thoroughly.  Re- 
peat whenever  springs 
squeak. 


« 
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LESSON  THIRTY-ONE 

ROAD  TROUBLES  AND  THEIR  SYMPTOMS 

Q.    In  case  of  a  sudden  vehicle  stop  what  should  be  suspected? 

A.  The  general  cause  of  a  sudden  motor  car  stop  is  either  fail- 
ure of  the  gasoline  supply  or  of  the  ignition  system.  If  the  stop 
comes  without  warning,  i.  e.,  if  the  motor  suddenly  dies  down,  the 
first  point  to  look  at  will  be  to  see  if  there  is  any  fuel  in  the  gasoline 
tank  and  to  look  over  the  ignition  system  for  broken  wires.  With 
battery  ignition  systems  the  breaking  of  a  wire  anywhere  in  the 
primary  circuit  will  put  the  ignition  system  out  of  commission. 
With  a  transformer  coil  magneto  system  the  failure  of  a  single  pri^ 
mary  wire  will  also  produce  the  same  effect.  In  a  true  high  tension 
magneto,  about  the  only  thing  that  will  cause  the  motor  to  stop 
suddenly  will  be  a  premature  short  circuit  of  the  regular  ground 
wire  leading  from  the  magneto  to  the  shut-ofiF  switch. 

If  there  seems  to  be  enough  gasoline  in  the  tank  the  trouble  is 
due  to  either  £i  broken  or  blocked  up  feed  pipe  or  the  gasoline 
shut-off  pet  cock  at  the  tank  may  have  jarred  closed.  A  particle 
of  dirt  in  the  spray  nozzle  or  the  filter  at  the  tank  being  filled  en- 
tirely with  dirt  or  water  will  also  prevent  gasoline  reaching  the 
cylinder.  Sometimes  the  screen  interposed  in  the  pipe  line  to 
keep  dirt  out  of  the  carburetor  becomes  clogged  with  lint  or  other 
matter  of  this  nature  and  prevents  the  gasoline  from  flowing. 

Q.     How  can  one  tell  if  ignition  system  is  at  fault? 

A.  The  simplest  method  to  ascertain  if  the  trouble  is  due  to  the 
ignition  system  is  to  take  the  spark  plugs  out  of  the  cylinders  and 
keeping  them  connected  up  with  their  respective  wires  to  see  if 
a  spark  will  pass  between  the  points  when  the  plugs  are  laid  on  the 
cylinder  head  and  the  motor  cranked  over.  If  sparks  jump  the 
gap  between  the  points  of  the  plugs  the  trouble  is  not  due  to  ignition. 
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Q.  What  steps  are  necessary  to  find  out  if  fuel  supply  system 
is  responsible  for  the  stop? 

A.  The  amount  of  gasoline  in  the  tank  may  be  easily  ascertained 
by  inspection  and  if  there  seems  to  be  enough  the  next  thing  to  do 
is  to  imcouple  the  gasoline  pipe  at  the  carburetor  after  shutting 
off  the  valve  at  the  bottom  of  the  tank  and  then  to  note  if  a  stream  of 
fuel  the  full  size  of  the  orifice  issues  from  the  pipe  when  the  gaso- 
line shut-off  valve  is  again  open.  If  the  gasoline  does  not  flow  it 
indicates  that  the  pipe  is  stopped  up.  If  the  gasoline  seems  to  be 
reaching  the  carburetor  in  proper  quantities,  the  next  point  is  to  see 
if  the  spray  nozzle  is  clogged  up.  A  little  gasoline  is  injected  into 
the  cylinders  through  the  spark  plug  holes  or  the  compression  re- 
lief pet  cocks  and  the  motor  is  cranked  over  with  a  switch  in  place. 
If  the  motor  starts  and  runs  for  a  few  revolutions  it  may  be  taken 
as  an  indication. that  even  though  the  gasoline  reaches  the  carbur- 
etor it  doe*  not  reach  the  cylinders  and  the  only  defect  that  will 
prevent  the  gasoline  from  going  into  the  mixing  chamber  is  either 
dirt  in  the  spray  nozzle  or  in  the  passage  between  the  spray  nozzle 
and  the  float  chamber.  With  carburetors  of  the  adjustable  spray 
nozzle  type,  dirt  may  often  be  cleared  from  the  spray  nozzle  by 
screwing  the  gasoline  regulating  needle  valve  to  its  seat  and  then 
returning  it  to  its  running  position.  If  that  fails  to  clear  the  stand 
pipe  the  carburetor  must  be  taken  apart  and  thoroughly  cleaned. 

Q.     Do  oil  or  water  systems  fail  without  warning? 

A.  The  lubricating  or  cooling  systems  are  not  apt  to  fail  sud- 
denly and  motor  stoppages  due  to  either  defective  cooling  or  lubri- 
cation are  rare  because  a  failure  in  either  of  these  groups  will  make 
itself  evident  some  time  before  a  motor  actually  stops  because  it 
has  overheated  or  the  parts  seized  through  lack  of  lubrication. 

Q.  What  should  be  looked  for  if  an  engine  has  no  power  but 
is  running  steadily? 

A.  If  an  engine  is  slowing  down  gradually  and  yet  continues 
to  explode  regularly,  this  indicates  either  faulty  lubrication  or 
cooHng. 

Q.  What  should  be  looked  for  if  engine  loses  power  because 
of  misfiring? 
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A.  If  an  engine  loses  power  on  account  of  irregular  operation 
or  lack  of  regular  sequence  of  explosions  a  number  of  defective 
conditions  in  carburetion,  ignition  or  in  the  mechanism  of  the  motor 
itself  may  be  responsible  for  the  faulty  operation.  These  troubles 
are  considered  at  length  in  the  next  lesson. 

Q.    What  would  cause  a  sudden  knocking  noise? 

A.  A  sudden  knocking  or  pounding  noise  from  the  interior 
of  the  motor  usually  indicates  a  loose  or  broken  part. 

Q.    What  would  cause  a  gradually  increasing  knock? 

A.  If  a  motor  is  overheating  because  of  faulty  cooling  or  insuffi- 
cient lubrication  this  condition  will  be  evidenced  by  a  knock  or 
pound  which  will  increase  as  the  motor  gets  hotter.  A  gradually 
increasing  knock  is  also  sometimes  caused  by  driving  up  an  inchne 
with  the  spark  lever  too  far  advanced. 

Q.     What  parts  of  power  plant  produce  knocking? 

A.  Worn  or  loose  bearings  on  the  crank  shafts  or  connecting 
rods  are  the  usual  causes  of  knocking.  Carbon  deposits  in  the 
combustion  chamber  also  cause  preignition,  which  is  evidenced 
by  pounding. 

Q.    What  does  a  loud  squeak  indicate? 

A.  A  loud  squeak  is  usually  produced  by  a  dry  bearing  and  the 
car  should  be  stopped  as  soon  as  a  noise  of  this  nature  is  heard 
and  a  search  made  to  locate  the  cause. 

Q.     What  does  a  loud  hissing  noise  indicate? 

A.  A  hissing  noise  shows  a  leak  in  the  combustion  chamber 
and  is  sometimes  caused  by  a  cracked  or  broken  spark  plug  porce- 
lain, a  loose  insulator  in  a  spark  plug,  or  a  compression  reUef  pet 
cock  has  either  jarred  open  or  the  small  spigot  member  or  plug 
has  dropped  out  of  its  center  allowing  the  gases  under  pressure  to 
escape. 

Q.     What  does  a  noisy  exhaust  show? 

A.     A  noisy  exhaust  shows  a  leak  around  the  exhaust  manifold 
or  a  disconnected  muffler  pipe  if  the  cut-out  valve  is  not  open. 
Q.     What  does  steam  coming  out  of  the  radiator  indicate? 

A.     If  a  radiator  is  steaming  it  indicates  that  the  motor  is  over- 
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heating.     This  may  be  due  to  lack  of  water  in  the  cooling  system 
or  to  defective  lubrication. 

Q.     Is  steam  always  a  sign  of  serious  trouble? 

A.  Steam  from  the  radiator  does  not  necessarily  indicate  serious 
trouble  because  if  the  motor  has  been  run  continuously  for  some 
time  on  one  of  the  lower  gear  ratios  as  in  hill  climbing  it  may  heat 
Tip  enough  to  cause  the  water  to  boil  and  no  serious  injury  will  result 
if  the  supply  of  water  in  the  radiator  is  augmented  with  cooler 
water.  Driving  on  a  retarded  spark  will  also  cause  the  radiator  to 
steam  as  will  a  broken  fan  belt  or  excessively  rich  mixture. 

Q.     What  does  a  rattling  noise  indicate? 

A.  A  rattling  sound  is  generally  produced  by  some  loose  part 
of  the  chassis,  which  has  become  partially  free  of  its  restraining 
bolts  or  fastenings  but  which  is  still  in  place  because  it  is  held  by 
some  other  member.  Rattling  noises  are  generally  caused  by  loose 
mud  guards,  brakes  or  various  operating  rods  extending  from  the 
operating  levers  or  pedals  to  the  parts  they  actuate. 

Q.  Suppose  the  car  stops  and  the  rear  wheels  do  not  turn, 
but  the  motor  continues  to  run  and  the  gear  shift  lever  is  in  its 
proper  position,  what  should  be  looked  for? 

A.  The  first  thing  to  see  is  that  the  clutch  is  not  slipping  as  very 
often  the  interlock  between  one  of  the  brake  levers  and  the  clutch 
shifter  will  hold  the  clutch  out  of  engagement  if  the  brake  lever  is 
only  partially  applied  or  if  adjustments  have  just  been  made.  The 
•clutch  may  be  engaged  properly  but  yet  the  connection  between 
the  clutch  and  the  gearset  may  be  broken.  The  gear  lever  may  be 
in  operative  position  but  a  pin  may  have  sheared  ofiF  so  that  the 
igears  in  the  transmission  case  always  remain  in  neutral  position 
and  do  not  shift  or  change  positions  when  the  speed  lever  is  moved. 

Q.  Suppose  the  motor  operates  correctly  and  the  gears  in 
the  gearset  are  turning,  but  the  car  does  not  move,  where  is 
the  trouble  apt  to  be? 

A.  Under  the  conditions  stated  the  defect  would  exist  in  the 
driving  mechanism  at  some  point.     A  pin  or  driving  key  may  have 
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sheared  off  in  the  universal  joint  or  bevel  drive  pinion  or  the  propel- 
ler shaft  may  have  become  broken.  The  adjustment  of  the  bearings^ 
holding  the  differential  case  may  have  loosened  up  so  the  ring  gear 
has  moved  over  out  of  engagement  with  the  driving  pinion.  The 
rivets  or  bolts  holding  the  ring  gear  to  the  differential  case  may  have 
sheared  off  so  that  the  gear  is  turning  without  producing  movement 
of  the  differential  casing.  One  of  the  driving  shafts  may  have 
broken  in  the  axle  housing  between  the  differential  and  the  wheel 
hub  or  a  hub  cap. on  a  full  floating  hub  may  have  come  off  and 
allowed  the  driving  shaft  clutch  to  come  out  of  engagement  with 
the  corresponding  member  on  the  hub.  The  troubles  enumerated 
are  uncommon,  however,  though  they  have  occurred  often  enough 
to  warrant  suspicion  if  the  condition  outlined  should  materialize. 

Q.  Suppose  the  car  does  not  run  freely  down  hill  with  the 
power  shut  off  and  the  clutch  released,  what  is  the  trouble? 

A.  This  may  be  taken  as  an  indicatioa  of  binding  or  undue 
friction  in  the  wheels  or  driving  system.  The  most  common  cause: 
is  binding  brakes  because  they  are  adjusted  too  tightly. 

Q.  What  is  the  trouble  when  a  car  jumps  or  runs  in  irregular 
spurts? 

A.  This  trouble  is  often  caused  by  the  motor  running  unstead-^ 
ily  or  misfiring  and  then  running  on  all  cylinders  for  a  time  relax* 
ing  again  into  the  condition  of  irregular  operation  where  only  part- 
of  the  cylinders  are  working.  If  the  engine  is  running  steadily 
this  jumping  may  be  due  to  a  partially  slipping  clutch  which  trans- 

» 

mits  the  power  correctly  at  times  and  does  not  take  hold  properly 
at  other  times. 

Q.     What  should  be  looked  for  if  gears  do  not  shift  well? 

A.  If  trouble  is  experienced  in  shifting  gears  one  should  exatnine 
the  clutch  to  see  if  this  member  releases  promptly  and  does  not 
spin.  Sometimes  the  gear  teeth  may  have  become  burred  and  will 
not  engage  properly  or  the  defect  may  be  due  to  wear  or  binding 
in  the  connection  between  the  gear  shift  lever  and  the  sliding  gear 
actuating  fork. 

Q.    What  is  the  reason  When  a  car  does  not  stop  promptly  ?^ 
A.     If  a  car  does  not  stop  within  a  reasonable  time  after  the 
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clutch  lever  is  released  and  the  brake  applied  it  signifies  that  the 
brakes  are  not  holding  as  well  as  they  should  and  that  they  either 
need  readjustment  or  renewal  of  the  frictional  material. 

Q.  What  is  at  fault  if  a  car  starts  forward  suddenly  as  soon 
as  clutch  is  engaged? 

A.  If  the  car  j  iimps  forward  with  the  clutch  pedal  let  in  gradually 
it  means  that  the  clutch  is  engaging  too  harshly  and  that  there  is 
lack  of  resiliency  in  the  clutch  facing  if  a  cone  type  is  used  or  lack 
of  oil  in  a  multiple  disc  form 

Q.     What  does  erratic  steering  indicate? 

A.  If  trouble  is  experienced  in  steering  the  car  and  the  steering 
wheel  works  freely  there  are  two  points  that  demand  immediate 
inspection.  The  first  thing  to  do  is  to  make  sure  that  the  tie-bar 
joining  the  steering  spindle  arms  is  not  loose  or  detached  at  one  end 
and  that  the  drag  link  and  steering  arms  are  also  properly  joined 
together.  The  second  point  to  be  examined  and  the  most  common 
trouble  is  a  deflated  front  tire.  Erratic  steering  is  sometimes  caused 
by  a  defect  of  the  differential  gear  which  prevents  it  from  function- 
ing properly. 

Q.    What  does  a  loud  explosion  indicate? 

A.  A  blowout  in  either  front  or  rear  tires  is  generally  evidenced 
by  a  loud  pop  which  may  sound  in  some  cases  like  a  gun  shot.  It 
is  due  to  the  sudden  escape  of  air  confined  imder  high  pressure  to 
the  outer  air  and  the  noise  is  produced  by  the  same  cause  as  when 
an  inflated  paper  bag  is  suddenly  broken. 

Q.     What  does  "bumping"  indicate? 

A.  "Bumping''  is  a  sure  indication  of  a  flat  tire  on  the  rear 
wheals  or  a  broken  spring. 

Q.     What  happens  if  one  continues  to  run  a  car  on  a  flat  tire? 

A.  The  outer  casing  and  inner  tube  will  be  destroyed  and  the 
rim  may  be  badly  dented.  In  forms  of  tires  of  the  straight  wall 
t3rpe  and  in  some  quick  detachable  forms  as  soon  as  a  tire  becomes 
deflated  it  is  liable  to  come  right  oflf  of  the  wheel,  as  the  air  pressure 
is  an  important  factor  In  holding  it  in  place  against  the  restraining 
rim  member. 
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Q.  What  do  sudden  grinding  noises  in  transmission  case  or 
rear  axle  indicate? 

A.  Grinding  noises  are  generally  caused  by  gearing  out  of  ad- 
justment or  by  particles  of  foreign  matter  such  as  metallic  particles 
from  broken  bearings  or  stripped  gear  teeth  working  in  between  the 
gears  from  time  to  time. 


Note. — For  complete  analysis  of  troubles  see  "The  Modem  Gasoline  Automobile." — 
By  Page. 
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Q.    What  are  the  main  causes  of  lost  power? 

A.  The  principal  causes  of  lost  power  are  irregular  engine  oper- 
iation,  loss  of  compression  if  engine  fires  regularly,  overheating 
and  carbon  deposits. 

Q.     Describe  method  of  testing  compression. 

A.  The  easiest  method  of  testing  the  compression  is  to  turn  the 
€rank  shaft  over  by  means  of  the  starting  crank  with  all  compression 
release  cocks  closed  and  spark  plugs  in  place.  The  amount  of  re- 
sistance to  cranking  can  be  taken  as  an  indication  of  the  compres- 
sion in  the  cylinders.  A  cylinder  with  good  compression  will  offer 
decided  resistance  against  rotation  of  the  crank  shaft,  whereas 
one  lacking  in  compression  will  offer  no  perceptibly  greater  re- 
■sistance  to  the  crank  shaft  than  does  bearing  friction.  If  on  turn- 
ing the  starting  handle  of  a  multiple  cylinder  engine  one  finds  some 
cylinders  that  have  good  compression  while  others  permit  the  gas 
to  escape  it  is  imperative  that  those  having  less  compression  should 
be  found  as  these  are  the  ones  that  need  attention. 

The  amount  of  compression  in  a  cylinder  can  be  easily  determined 
by  various  forms  of  pressure  gauges  that  can  be  screwed  into  the 
^cylinder  head  in  place  of  a  spark  plug  or  compression  relief  cock. 
A  gauge  of  this  character  is  similar  in  construction  to  those  used  for 
showing  the  pressure  of  steam  and  the  amount  of  compression  is 
usually  indicated  on  the  dial.  The  various  cylinders  may  be  tested 
in  turn  and  the  compression  should  average  at  least  65  or  70  pounds 
per  square  inch  in  each  cylinder.  If  no  pressure  gauge  is  at  hand 
K)ne  may  test  each  cylinder  separately  by  removing  the  spark  plugs 
or  opening  the  relief  cocks  on  all  cylinders  except  that  in  which  the 
compression  is  to  be  tested.     Starting  with  the  first  cylinder  each 
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of  the  other  units  is  tested  in  turn  and  it  is  imperative  that  the- 
compression  be  equal  or  nearly  the  same  in  all  cylinders.  The  use 
of  a  pressure  gauge  is  recommended  because  this  gives  a  positive- 
determination  of  the  condition  of  the  various  members  depended, 
on  to  hold  the  gas  under  compression  in  the  cylinder. 
Q.  What  is  the  first  thing  to  examine  if  compression  is  weak?* 
A.  The  first  point  to  look  at  is  the  various  gasketa  and  packings- 
on  top  of  the  combustion  chamber,  such  as  those  around  the  spark 
plug  or  under  the  valve  chamber  caps.     It  is  easy  to  determine  if 


Fi£.  277. — Methods  of  Relieving  Valve  Spring  Tension  t 
Valve  Stem  Key. 


Remove 


these  leak  by  squirting  oil  around  the  joints  before  cranking  the 
.  engine.  Any  compression  leak  will  be  indicated  by  air  bubbles, 
The.next  thing  to  examine  are  the  inlet  and  exhaust  valves.  Valves 
that  seat  poorly  are  the  m^n  cause  of  poor  compression  and  this 
defective  condition  is  easily  remedied,  as  a  rule,  by  grinding  the 
valves  to  a  correct  seating. 

Q.     Describe  process  of  valve  removal. 

A.     In  order  to  remove  the  valves  from  the  conventional  form  of 
cylinder  it  is  first  necessary  to  unscrew  the  valve  chamber  cap  at 
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the  stem.  The  form  shown  at  B  is  equally  simple  in  its  application 
and  consists  of  a  frame  bar  having  a  screw  at  the  upper  end  and  a 
fork  at  the  lower  end.  By  turning  the  hand  screw  the  valve  spring 
may  be  compressed  with  but  little  exertion  and  the  valve  key  re- 
moved. The  form  shown  at  Fig.  277  is  a  simple  fulcrumed  lever 
carried  by  an  adjustable  support  that  permits  raising  the  valve 
spring  though  some  method  of  holding  the  valve  head  down  against 
the  seat  must  be  used  in  combination  with  this  tool.  The  usual 
method  is  to  interpose  a  block  of  wood  between  the  valve  head 
and  the  valve  chamber  cap  while  the  spring  is  being  compressed  to 
permit  one  to  remove  the  keys. 

Q.     Enumerate  principal  valve  defects. 

A.  The  exhaust  valves  usually  suffer  more  than  the  intake 
members  because  they  are  constantly  exposed  to  the  corroding 
effect  of  the  hot  exhaust  gases.  Exhaust  valve  heads  will  warp 
and  the  seats  will  be  scored  or  pitted  sooner  than  inlet  valves. 
Sometimes  the  valve  head  may  flake  and  these  particles  of  metal 
will  get  between  the  valve  and  seat  and  keep  the  head  from  seating 
correctly.  Inlet  valves  are  not  so  apt  to  warp  as  the  exhaust 
valves  because  they  are  exposed  to  the  comparatively  cool  charges 
of  gas  coming  from  carburetor.  Some  valves  are  made  with  cast 
iron  heads  riveted  to  a  steel  stem.  These  very  often  give  trouble 
because  the  heads  will  crack  or  break  or  may  become  loose  on  the 
stem.  Valve  stems  are  sometimes  bent  or  they  may  become  gummed 
in  the  guides  so  they  do  not  move  freely.  The  principal  valve 
trouble  is  defective  seating  due  to  wear  between  the  valve  head  and 
the  valve  seat  and  is  generally  easily  remedied  by  grinding  the  valves 
to  a  new  seating. 

Q.     Outline  process  of  valve  grinding. 

A.  Valve  grinding  is  a  simple  process,  though  it  must  be  carried 
on  carefully  in  order  to  secure  good  results.  The  valve  heads  of 
most  cars  will  be  provided  either  with  two  small  holes,  as  shown  at 
A,  Fig.  278,  or  with  a  screw  driver  slot,  as  shown  at  J5,  Fig.  278. 
Tools  may  be  made  to  fit  the  valve  head  at  one  end  and  the  ordin- 
ary form  of  carpenters'  bitstock  at  the  other.  The  process  of 
valve  grinding  itself  consists  of  coating  the  valve  and  seat  with  some 
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abrasive  compound,  usually  fine  emery,  ground  glass  or  carbor- 
undum dust  and  oil  mixed  to  a  paste.  A  coil  spring  is  placed  under 
the  valve  head,  as  indicated  at  Fig.  278-C  in  order  that  the  valve 
will  be  raised  from  its  seat  whenever  the  pressure  on  the  bit  stock 
is  released.  A  plug  of  waste  or  cloth  is  placed  in  the  passage  be- 
tween the  valve  chamber  and  the  cylinder  in  order  to  prevent  the 
abrasive  compound  from  working  into  the  cylinder.  The  valve 
is  turned  a  portion  of  a  revolution  and  back  again  by  means  of  the 
grinding  tool  and  bitstock  and  new  abrasive  material  is  added  from 
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Fig.  278.— Method  of  Grinding  Motor  Car  Engine  Valves  to  Correct 
Seating  Which  Insures  Propet  Compression  of  Gas  Prior  to  Igni- 
tion. 


time  to  time.  The  valve  is  removed  and  both  valve  head  and  seat 
washed  thoroughly  with  gasoline  in  order  that  the  condition  of  the 
surfaces  be  easily  determined.  When  both  valve  head  and  seat 
are  bright  and  without  scores,  ridges,  pits  or  other  depressions  it 
is  reasonable  to  assume  that  the  valve  has  been  ground  in  properly. 
Very  little  pressure  is  needed  to  hold  the  valve  against  the  seat 
while  grinding.  In  fact  the  weight  of  the  bitstock  is  usually  suflS- 
cient.  It  is  better  to  use  an  oscillating  motion  rather  than  turn 
the  valve  completely  around  while  grinding. 
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Q.  How  can  one  tell  if  valves  are  seating  correctly  after 
grinding? 

A.  The  fit  of  the  valve  head  and  the  valve  seat  is  usually  tested 
by  coating  the  valve  head  with  Prussian  blue  pigment  and  pressing 
it  in  place  against  the  seat.  The  valve  is  then  turned  about  one- 
fourtH  of  a  revolution  and  removed.  If  the  valve  and  seat  are  a 
proper  fit,  the  entire  seat  will  show  blue,  though  if  the  valve  head 
and  seat  do  not  fit  only  the  high  spots  or  ridges  on  the  valve  seat 
will  receive  a  coating  of  blue.  In  such  an  event  the  grinding  pro- 
cess should  be  continued  imtil  the  valve  head  has  an  even  bearing 
all  over  on  the  seat. 

Q.  Outline  the  two  common  conditions  that  will  prevent 
valves  seating,  even  if  they  fit  properly. 

A.  A  particle  of  foreign  matter  or  carbonaceous  material  be- 
tween the  valve  head  and  seat  will  keep  the  valve  from  closing 
properly  as  will  also  lack  of  clearance  between  the  valve  operating 
plunger  and  the  valve  stem.  A  broken  valve  spring  may  also  pre- 
vent a  valve  from  seating  properly.  Weak  valve  springs  also  make 
the  valves  tardy  in  closing. 

Q.  What  should  next  be  examined  if  valve  grinding  does 
not  improve  compression? 

A.  The  piston  rings,  piston  and  cylinder  walls  are  the  next 
points  that  demand  attention  if  grinding  the  valves  does  not  sufiice 
to  make  the  cylinder  gastight. 

Q.     What  are  the  principal  piston  ring  troubles? 

A.  Piston  rings  may  have  worn  so  they  are  a  very  loose  fit  in 
their  slots  or  they  may  be  gummed  up  with  oil  or  carbon  deposits 
so  they  do  not  move  freely.  The  rings  may  also  be  broken  or  they 
may  have  worked  around  so  all  the  slots  are  in  line.  Piston  rings 
may  also  lose  their  elasticity  and  not  form  a  proper  packing. 

Q.     How  are  piston  rings  removed? 

^ .,_ 

A.     Piston  rings  may  be  removed  from  the  piston  as  showiji  at 
A,  Fig.  279.     Three  thin  strips  of  metal  are  needed;  these  inay  be , 
and  often  are  made  of  hacksaw  blades  with  the  teeth  groui^d  off 
or  strips  of  tinned  sheet  iron  or  old  clock  spring.     The  ring  is  spread 
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either  with  a  pair  of  special  pliers  made  for  the  purpose  or  by  in- 
serting a  screw  driver  between  the  ring  and  the  piston  and  the 
metal  strips  are  put  in  place  as  indicated.  This  brings  the  ring 
entirely  out  of  the  groove  in  the  piston  and  makes  possible  the 
easy  removal  of  that  member  without  danger  of  breaking. .  A  re- 
versal of  this  process  will  enable  one  to  replace  the  piston  rings 
just  as  easily  as  they  are  removed.  When  removing  the  rings 
one  should  start  with  the  top  one,  whereas  when  replacing  them 
the  bottom  ring  is  the  first  to  go  on. 


Pig.  279.— Showing  Metbod  of  Removing  and  PeenJng  Piston  Rings. 

Q.     How  can  piston  ring  troubles  be  eliminated? 

A.  If  the  piston  ringa  are  worn  or  broken  the  best  method  of 
repair  is  to  replace  the  ring  with  new  members  which  must  be  care- 
fully fitted  so  that  they  will  move  freely  in  the  piston  grooves  and 
at  the  same  time  care  should  be  taken  that  they  will  fit  the  cylinder 
interior.  If  the  grooves  are  filled  with  gummed  oil  or  carbon  they 
should  be  cleaned  out  thoroughly  before  the  rings  are  replaced. 
Rings  that  have  lost  their  elasticity  are  sometimes  restored  to  a 
proper  condition  by  a  process  known  as  "peening.''     This  is  clearly 
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shown  at  Fig.  279-B.  It  consists  of  delivering  a  series  of  blowk. 
with  a  light  ball  peen  hammer  around  the*  interior  of  the  ring 
while  the  face  bears  against  dome  absolutely  smooth  steel  member. 
Care  should  be  taken  in  hammering  the  ring  that  the  blows  are 
light  because  cast  iron  is  a  very  brittle  material  and  will  break 
easily.  The  strength  of  the  blows  should  be  varied  according  to 
the  thickness  of  the  rings.  Heavier  blows  are  struck  at  the  thick 
portion  of  an  eccentric  ring  and  these  gradually  become  less  in  force 
the  nearer  they  are  applied  to  the  thin  end. 

Q.     Is  cylinder  or  piston  wall  ever  at  fault? 

A.  Poor  compression  is  often  caused  by  deep  scratches  or 
grooves  on  cylinder  and  piston  walls.  The  gas  leaks  by  the  rings 
no  matter  how  well  these  fit  the  cylinder  because  they  can  only 
serve  to  make  a  cylinder  gast3ght  when  the  bore  is  smooth  and 
practically  round. 

Q.     What  is  the  main  cause  of  deep  grooves  in  cylinder? 

A.  The  most  frequent  condition  resulting  in  deep  grooves  in 
the  cylinder  wall  is  a  failure  of  the  wrist  pin  fastenings,  as  these 
sometimes  come  loose  and  permit  the  hardened  steel  wrist  pin  to 
bear  against  the  soft  cast  iron  walls  of  the  cylinder.  The  sharp 
edge  of  the  wrist  pin  acts  as  a  cutting  tool  despite  the  presence  of 
lubrication  and  a  deep  groove  will  eventually  be  worn  in  the  cylinder 
on  account  of  the  rapid  reciprocation  of  the  piston  while  the  engine 
is  in  operation.  It  is  practically  impossible  to  restore  a  cylinder 
that  has  been  deeply  grooved  by  a  wrist  pin.  The  most  practical 
way  of  restoring  the  engine  to  its  full  efficiency  is  to  replace  the  de- 
fective cylinder  member. 

Q.    What  causes  fine  scratches  on  piston  and  cylinder  v/aW? 

A.  If  lubrication  is  deficient,  such  as  when  unsuitable  oil  is  used 
or  when  the  lubricant  is  not  supplied  in  proper  quantities,  the  pis- 
ton is  apt  to  cut  the  cylinder  and  the  result  is  that  both  surfaces 
in  contact  are  covered  with  a  series  of  fine  scratches.  While  these 
are  not  as  deep  as  those  caused  by  a  loose  wrist  pin,  still  they  may 
have  suflScient  depth  to  permit  considerable  gas  to  leak  by.  Fine 
scratches  may  often  be  eUminated  by  grinding  out  a  cylinder  to 
a  slightly  larger  size  and  fitting  new  piston  and  piston  rings. 
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Q.  Describe  formation  of  carbon  deposits  and  how  they 
affect  the  action  of  the  motor. 

A.  If  oil  of  low  fire  test  or  too  much  of  the  proper  oil  is  used 
the  excess  lubricant  will  burn  in  the  combustion  chamber  and  while 
the  heat  will  vaporize  the  volatile  constituents  a  certain  amount 
of  solid  matter,  which  is  practically  pure  carbon,  will  be  deposited 
on  the  top  of  the  piston  and  the  cylinder  head  and  around  the  valves. 
These  deposits  are  also  augmented  by  road  dust  and  other  foreign 
matter  taken  in  through  the  carburetor.  If  the  mixture  is  too 
rich,  the  excessive  fuel  used  will  also  deposit  carbon. 

An  engine  in  which  the  carbon  deposits  are  excessive  is  apt  to 
overheat  readily,  lose  power  and  knock  just  as  though  a  bearing 
were  loose.  The  condition  of  the  interior  of  the  cylinder  may  be 
easily  ascertained  by  removing  a  spark  plu^  or  valve  chamber 
cap  which  permits  one  to  examine  the  interior  of  the  combustion 
chamber. 

Q.     How  is  carbon  removed  from  combustion  chamber? 

A.  In  some  types  of  engines,  such  as  used  on  the  Ford,  the  Metz, 
and  Maxwell  ''25,"  it  is  possible  to  remove  the  entire  cylinder 
head  members  to  expose  the  pistons  and  valves  as  well  as  the  in- 
terior of  the  combustion  chambers.  The  carbon  may  be  easily 
removed  by  softening  with  kerosene,  wood  alcohol,  acetone  or  sim- 
ilar carbon  solvents.  The  deposits  are  then  easily  removed  by 
means  of  scrapers  made  especially  for  the  purpose.  In  other  forms 
of  engines,  notably  of  the  T  head  type,  having  large  valves,  it  is 
possible  to  scrape  out  most  of  the  carbon  by  removing  the  valve 
caps  and  using  scrapers  shaped  like  small  hoes.  Carbon  deposits 
may  also  be  burned  out  with  an  oxygen  flaipe. 

On  other  engines  in  which  the  piston  rings  are  a  good  fit  it  is  pos- 
sible to  soften  most  of  the  carbon  by  using  some  Uquid  carbon 
remover  which  is  introduced  into  the  combustion  chamber  by  means 
of  a  squirt  gun.  This  loosens  up  the  carbon  and  after  the  carbon 
remover  is  taken  out  of  the  cylinder  again  the  engine  may  be  started 
up  and  the  loose  carbon  will  be  blown  out  through  the  exhaust 
valve.  The  surest  method  of  removing  this  material  is  to  take  the 
engine  apart  sufficiently  so  that  the  members  aflfected  may  be  reach- 
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ed  easily  and  the  carbon  removed  by  positive  mechanical  means. 
A  simple  preventive  of  carbon  deposits  is  to  put  in  a  tablespoon- 
full  of  kerosene  in  each  cylinder  through  the  compression  relief 
codes  at  the  end  of  a  day^s  run  while  the  engine  is  still  hot.  This 
will  soften  up  the  carbon  over  night  and  when  the  motor  is  started 
the  next  day  a  large  proportion  of  the  carbon  deposited  the  previous 
day  will  be  blown  out  with  the  exhaust  gases. 

Q.     What  are  the  three  main  causes  of  skipping? 

A.  Skipping,  pr  irregular  engine  operation  which  results  when 
one  or  more  of  the  cylinders  does  not  fire  regularly  may  be  due  to 
defects  existing  in  the  engine  itself,  notably  in  the  valve  system; 
faulty  ignition  or  defective  carburetion. 

Q.  Describe  defects  of  valve  system  that  may  cause  mis- 
firing. 

A.  If  the  inlet  or  exhaust  valves  do  not  seat  properly  or  fail 
to  open  and  close  at  the  right  time  the  action  of  the  engine  will  be 
irregular.  One  of  the  main  troubles  is  defective  valve  seating. 
This  may  be  caused  by  a  worn,  scored  or  pitted  valve  head  and  seat; 
by  a  warped  valve  head,  foreign  matter  under  the  valve,  a  weak 
or  broken  valve  spring  or  lack  of  clearance  between  the  end  of  the 
valve  stem  and  the  operating  plunger  or  tappet  rod.  A  stuck  or 
bent  valve  stem  or  one  that  has  become  so  covered  with  scale  that 
it  sticks  in  its  guide  bushing  will  also  prevent  smooth  engine  oper- 
ation. The  conditions  that  will  cause  the  valve  to  loose  the  proper 
timing  are,  insufficient  or  too  much  clearance  between  the  valve 
operating  plunger  and  valve  stem,  wear  in  valve  operating  mech- 
anism, such  as  on  cam  profiles  and  cam  rolls,  and  wrong  meshing 
of  the  timing  gear  on  the  camshaft  with  that  on  the  crankshaft. 
On  some  engines  the  cams  are  separate  members  pinned  or  keyed 
to  the  camshaft  and  if  these  methods  of  fastening  fail  the  engine 
timing  will  be  disturbed.  A  sprung  camshaft  has  also  been  known 
to  cause  irregular  engine  operation. 

Q.     Outline  main  troubles  in  ignition  systems. 

A.     The  main  trouble  in  the  average  ignition  system  is  faulty 
spark  plug  action.     Sometimes  the  source  of  current  or  the  wiring 
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may  be  at  fault  and  ag^n  the  trouble  may  exist  in  the  switch  and 
commutating  or  current  distributing  apparatus. 

Q.  Describe  steps  in  locating  ignition  troubles  when  a  vibra- 
tor coil  system  is  used. 

A.  A  typical  simple  ignition  system  which  consists  of  a  four 
unit  vibrator  coil  supplied  with  current  by  a  magneto  integral 
with  the  motcff  flywheel  is  outlined  at  Fig.  280,  The  current  from 
the  magneto  is  distributed  by  a  timer  located  at  the  front  end  of 
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Fig.  280. — Wiring  Diagram  of  Ignition  System  of  Ford  Cars, 

the  engine  on  an  extension  of  the  camshaft.  Four  wires  lead 
from  this  device  to  the  various  coil  units.  Four  secondary  wires 
lead  from  the  coil  to  the  spark  plugs  in  the  cylinders.  The  first 
thing  to  determine  if  the  engine  is  not  running  regularly  is  which 
cylinder  \)r  cylinders  are  not  firing  regularly.  This  may  be  easily 
accomplished  by  removing  the  cover  of  the  coil  box,  speeding  up 
the  engine  slightly  by  opening  the  throttle  and  then  holding  down 
three  of  the  vibrators  so  the  engine  will  run  on  only  one  cylinder. 
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Each  of  the  cyUnders  is  tried  in  turn  by  holding  down  the  vibrators  of 
all  the  other  three  cylinders.  The  engine  will  stop  when  the  cylinder 
that  is  not  firing  is  reached.  The  spark  plug^  are  the  first  thing 
to  be  looked  at  provided  that  the  coil  vibrator  is  buzzing  all  right. 
If  the  coil  vibrator  is  not  buzzing  the  first  thing  to  look  at  is  to  make 
sure  that  the  contact  points  between  vibrator  spring  and  fixed 
contact  members  make  a  proper  electrical  connection.  Then  the 
wire  leading  from  the  coil  that  does  not  operate  to  the  timer  should 
receive  attention.  It  is  imperative  that  the  terminals  be  tight  at 
both  coil  box  and  timer,  that  the  insulation  be  whole  and  not  in 
contact  with  any  metal.  The  timer  should  also  be  examined  to 
see  if  the  contact  brush  or  roller  is  establishing  the  proper  connection 
between  the  segments  spaced  around  the  inner  periphery  of  the 
fiber  ring. 

Q.  If  batteries  are  used  for  current  supply,  how  are  these 
members  tested? 

A.  The  amount  of  current  delivered  by  batteries  may  be  meas- 
ured by  using  an  ammeter  for  dry  batteries  and  a  voltmeter  for 
storage  batteries.  Dry  cells  should  indicate  over  eight  amperes 
each  whereas  a  storage  battery  should  indicate  not  less  than  six 
volts  if  it  is  a  three  cell  type  commonly  used  for  ignition 
purposes. 

Q.     Outline  commutator  or  timer  defects. 

A.  The  main  cause  of  trouble  in  a  primary  timer  is  deposits 
of  oil  which  have  been  impregnated  with  metal  particles  due  to  the 
abrasion  between  the  contact  brush  or  roll  and  the  insulated  metal 
segments.  The  roll  that  establishes  contact  may  be  worn  unduly 
on  its  bearings  or  the  spring  that  holds  the  roll  against  the  segments 
may  be  weak  or  broken.  If  the  contact  segments  are  pitted  or 
roughened  by  the  action  of  the  current  the  timer  should  be  placed 
in  a  lathe  and  the  interior  ground  out  smoothly  in  order  that  the 
surfaces  of  the  contact  segments  be  on  a  true  surface  and  be  bright 
and  clean.  If  the  path  of  the  roller  is  irregular,  i.  e.,  if  there  are 
alternate  depressions  and  high  spots,  the  action  of  the  timer  will 
be  erratic  at  high  engine  speeds  though  ignition  will  be  regular 
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enough  at  low  speeds.  Some  forms  of  timers  use  a  touch  contact 
between  platinum  points  instead  of  a.  wipe  contact.  Any  timer 
employing  platinum  points  must  not  only  be  carefully  adjusted 
but  must  be  kept  entirely  free  of  oil  particles. 

Q.    Name  spark  plug  faults. 

A.  The  most  common  defect  of  spark  plugs  and  the  easiest  to 
remedy  is  short  circuiting  by  means  of  oil  or  carbon  deposits.  To 
restore  the  plug  to  full  efficiency  it  is  necessary  to  remove  the  offend- 
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ing  foreign  matter  and  clean  the  surfaces  of  the  insulator  as  well 
as  brightening  the  spark  plug  points.  Sometimes  the  insulator 
becomes  oil-soaked  or  cracked  and  allows  the  current  to  short  cir- 
cuit to  the  metal  bushings  instead  of  jumping  the  air  gap  between 
the  points.  The  space  between  the  spark  plug  points  may  not  be 
correct,  if  there  is  too  much  of  an  air  gap  the  spark  will  not  over- 
come the  resistance  of  the  compressed  gas  whereas  if  the  points 
are  too  close  together  the  spark  will  not  have  sufficient  heating 
value  to  ignite  the  charge. 
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Fig.  282.— Double  Ignition  System  Showing  Wiring  For  Both  Bat- 
tery and  Magneto  and  All  Parts  to  Be  Inspected  in  Event  of  Igni- 
tion Trouble. 

Q.     Describe  principal  induction  coil  troubles, 

A,  The  main  induction  coil  trouble  is  defective  vibrator  action. 
This  is  commonly  caused  by  the  platinum  contact  points  becoming 
pitted  or  burnt  so  that  proper  electrical  contact  is  not  established. 
If  the  points  are  burnt,  the  vibrator  will  cause  trouble  at  low  and 
high  speeds,  whereas  if  they  are  pitted,  the  vibrator  is  apt  to  stick 
at  high  speed.     The  contact  points  should  be  carefully  smooth- 


JS08 


Questions  and  Answers 


ed  with  a  very  fine  file  or  oil  stone  and  the  vibrator  must  be  carefully 
readjusted.  The  vibration  should  be  rapid  enough  so  a  distinct 
buzzing  sound  is  produced.  Another  cause  of  poor  induction  coil 
action  is  broken  wires  or  loose  terminals.  Sometimes  internal 
defects,  such  as  a  burnt  out  condenser  or  a  punctured  secondary 
winding,  wil]  cause  trouble.  Defects  of  this  nature  can  be  fixed 
only  by  the  maker  of  the  coil  or  an  electrician  having  suitable 
equipment. 

Q.  How  can  missing  cylinder  be  found  when  a  high  tension 
magneto  is  employed? 

A.  It  is  not  possible  tolocate  missing  cylinders  by  means  of  hold- 
ing down  the  vibrators  on  the  coil  when  a  magneto  is  used  so  it  is 
necessary  to  short  circuit  the  plugs  to  determine  which  are  at  fault. 


Fig.  283.— Parts  of  Bosch  Dual  Ignition  System,  and  How  Wired  To- 
gether. 
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The  method  outlined  at  Fig.  281-A  is  that  commonly  followed. 
A  screw  driver  or  similar  tool  having  a  wooden  handle  is  brought 
in  contact  with  some  metal  portion  of  the  engine  and  almost  touched 
to  the  insulated  terminal  on  the  spark  plug.  If  the  spark  is  delivered 
from  the  magneto  distributor  it  will  jump  the  gap  between  the  screw 
driver  point  and  the  spark  plug  terminal  rather  than  jump  the 
spark  gap  in  the  cylinder.  Each  of  the  spark  plugs  may  be  tested 
in  turn  and  if  the  current  reaches  the  plugs  it  will  indicate  this 
fact  by  sparking  between  the  screw  driver  blade  and  the  plug  ter- 
minal. After  all  the  plugs  have  been  tested  in  this  manner  and  the 
current  is  foimd  to  flow  from  the  magneto  as  it  should  the  next 
thing  to  do  is  to  locate  the  missing  cylinder.  This  is  done  by  short 
circuiting  each  of  the  plugs  in  turn  with  a  screw  driver  blade  by  es- 
tabUshing  a  direct  metallic  contact  betweeii  the  insulated  terminals 
and  the  engine.  If  the  engine  is  running  on  three  cyUnders,  there 
wiU  be  a  difiference  noted  in  the  operation  of  the  motor  when  any 
one  of  the  three  good  plugs  is  short  circuited.  If  short  circuiting 
the  remaining  plug  does  not  seem  to  interfere  with  engine  action 
it  is  reasonable  to  assume  that  this  member  is  the  one  at  fault, 
and  it  should  be  removed  for  inspection,  cleaiung  or  readjustment. 
A  simple  short  circuiting  device  that  can  be  applied  to  any  conven- 
tional spark  plug  is  shown  at  Fig.  281-B.  This  consists  of  a  short 
circuiting  wire  attached  to  the  top  terminal  that  may  be  brought 
down  by  means  of  an  insulated  handle  so  it  establishes  a  metal 
connection  between  the  two  portions  of  the  plug. 

Q.     Name  magneto  faults  and'tell  how  to  remedy  them. 

A.  The  principal  trouble  in  a  high  tension  magneto  is  dirt  in 
the  distributor  or  contact  breaker.  The  contact  breaker  of  the 
Bosch  high  tension  magneto  is  shown  at  Fig.  284.  The  main  point 
to  observe  is  that  the  interior  of  the  device  is  clean,  that  the  contact 
points  separate  when  the  fiber  block  rides  on  a  steel  segment  and 
that  they  contact  at  other  times.  The  contact  points  must  not 
only  be  clean  and  establish  the  proper  electrical  contact  but  they 
must  also  be  properly  adjusted.  A  thin  sheet  metal  gauge  is  usually 
furnished  by  the  magneto  manufacturer  to  indicate  the  proper  gap 
that  should  exist  between  the  points  when  the  fiber  block  rides  on 
the  steel  segment.    "  The  gap  between  the  points  may  be  regulated 
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by  means  of  the  adjusting  screw  provided.  If  the  contact  points 
do  not  separate  it  is  because  the  fiber  block  at  one  end  of  the  inter- 
ruptor  or  bell-crank  lever  is  worn  so  that  it  rides  over  the  surface 
of  the  steel  segment  or  cam  without  producing  separation  of  the 
contact  points. 

The  parts  of  a  Splitdorf  magneto  are  clearly  outlined  at  Fig.  285. 
In  addition  to  the  contact  breaker  faults  previously  enumerated 
one  should  examine  the  secondary  distributor  to  see  that  the  in- 
terior is  perfectly  clean  and  entirely  free  from  oil,  metal  or  carbon 
particles.  The  collecting  brushes  and  the  distributing  member 
should  project  far  enough  out  and  be  kept  there  by  »a  spring  of 
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Fig.   284. — Contact   Breaker   of   Bosch   Magneto    Showing   Means   of 

Adjusting  Contact  Points. 

sufficient  strength  so  that  they  will  contact  positively  with  the 
distributing  segment  carried  on  the  face  of  the  fiber  plate  attached 
to  the  distributor  gear.  Collecting  brushes  are  also  used  on  some 
forms  of  magneto  to  deliver  the  current  from  the  armature  to  the 
distributor,  or  to  external  apparatus,  such  as  an  induction  coil. 
These  brushes  should  make  a  positive  contact  with  the  collecting 
ring  and  should  not  only  be  free  from  oil  but  move  easily  in  their 
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sockets.  Magneto  field  energizing  magnets  sometimes  lose  their 
strength  but  this  is  not  a  common  fault.  They  may  be  easily  re- 
energized by  any  electrician.  Care  should  be  taken  not  to  use  too 
much  oil  in  a  magneto  because  it  is  apt  to  injure  the  insulation. 
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Fig.  286. — ^Typical  Fuel  Supply  System  Involving  Pressure  Feed  of 

Gasoline. 

Q.    What  faults  of  the  carburetor  cause  irregular  operation? 

A.  If  the  mixture  is  not  properly  adjusted  the  engine  is  apt 
CO  work  irregularly  and  any  carburetor  faults  that  will  interfere 
with  the  proper  proportion  of  gaseous  mixtures  will  cause  mis- 
firing. 

Q.  What  faults  may  prevent  fuel  supply  in  pressure  feed 
system? 

A.  A  typical  pressure  feed  system  in  which  the  gasoline  is  forced 
to  the  carburetor  by  means  of  air  pressure  in  the  main  container 
is  outlined  at  Fig.  286.  If  there  is  a  leak  in  the  container  or  piping 
that  will  permit  the  air  to  escape  the  carburetor  will  not  receive 
gasoline.     As  this  condition  may  be  easily  determined  by  watch- 
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ing  the  air  pressure  gauge  on  the  dash  it  is  not  difficult  to  determine 
if  the  defective  fuel  feed  is  caused  by  lack  of  air  pressure  or  an  ob- 
struction in  the  piping  leading  from  the  tank  to  the  carburetor. 
The  point  at  which  leakage  is  more  often  found  is  at  the  filler  cap 
which  may  not  be  properly  screwed  down  after  the  tank  has  been 
filled.  Sometimes  the  motor  driven  air  pressure  pump  will  fail  but  this 
condition  is  readily  noted  by  a  drop  in  pressure  at  the  gauge  and  the 


Fig.  288. — Exterior  View  of  Schebler  Carburetor  Showing  Means  for 

Varying  Mixture  Adjustment. 

auxiliary  hand  air  pump  may  be  brought  into  play  to  supply  gaso- 
line to  the  carburetor  until  the  power  air  pump  may  be  examined. 
The  common  trouble  with  an  air  pump,  provided  that  the  plunger 
or  cylinder  is  not  worn  too  much,  can  be  traced  to  defective  oper- 
ation of  inlet  and  discharge  check  valves. 

Q.     Name  principal  mixing  chamber  troubles. 

A.  The  principal  mixing  chamber  defects  are  constricted  spray 
nozzle  or  defective  auxiliary  air  valve  operation.  If  the  air  valve 
is  closed  down  too  tightly  so  it  does  not  rise  enough  the  mixture 
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is  apt  to  be  excessively  rich,  whereas  if  it  opens  too  .much  the  mix- 
ture will  have  a  surplus  of  air  and  it  will  be  slow  burning  and  cause 
''popping  back"  in  the  carburetor.  The  cross  section  of  the  Scheb- 
ler  carburetor,  outlined  at  Fig.  287,  clearly  shows  the  construction 
of  a  typical  auxiliary  air  valve  and  the  location  of  the  gasoline 
spray  nozzle.  The  external  view  at  Fig.  288  shows  the  various 
adjustments  of  this  carburetor.  A  sectional  view  cf  the  Stromberg 
device  is  shown  at  Fig.  289. 

Q.     Outline  main  float  bowl  defects. 

A.  If  the  gasoline  level  in  the  float  chamber  is  too  high  it  will 
overflow  at  the  spray  nozzle  and  produce  an  excessively  rich  mix- 
ture. This  may  be  caused  either  by  poor  adjustment  of  the  float, 
by  foreign  matter  between  the  float  operated  shut-off  valve  and 
its  seat  or  by  alteration  in  the  weight  of  the  float.  If  the  float  is 
of  cork  it  may  become  saturated  with  fuel,  whereas  if  of  metal  it 
may  leak  and  admit  fuel  to  its  interior.  If  the  level  is  too  low  in 
the  spray  nozzle  the  mixture  will  be  too  thin  and  motor  action  will 
be  erratic.  This  condition  is  caused  mainly  by  poor  float  ad  j  ustment 
or  the  constriction  of  the  passage  through  which  the  gasoline  enters 
the  float  chamber  by  lint  or  other  foreign  matter. 

Q.     Do  inlet  manifolds  ever  cause  trouble? 

A.  If  there  is  an  opportunity  for  air  to  leak  in  either  through 
defective  gaskets  or  through  a  crack  or  blowhole  in  the  manifold, 
the  mixture  will  not  have  ^proper  proportions  no  matter  how  care- 
fully the  carburetor  is  adjusted  and  the  engine  will  not  run  properly. 
Another  opportunity  for  air  to  enter  the  engine  and  dilute  the  mix- 
ture is  through  worn  inlet  valve  guides. 

Q.  What  troubles  in  the  motor  cause  noisy  operation,  and 
what' is  the  nature  of  the  noise? 

A.  Carbon  deposits  in  the  combustion  chamber  cause  a  dull 
knocking  sound,  worn  timing  gears  produce  a  grinding  noise,  dry 
bearings  or  cylinder  will  be  indicated  by  a  squeak,  leaky  packings 
or  gaskets  in  the  combustion  chamber  will  be  denoted  by  a  pro- 
nounced hissing  noise,  looseness  of  minor  parts  will  be  indicated 
by  a  rattle,  while  serious  wear  in  the  main  bearings  or  connecting 
rods  will  be  evidenced  by  a  pronounced  metallic  knock. 
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1  or  connecting  rod  bearings  be  de- 


Q.     How  can  loose  i 
tected? 

A.  On  most  engines  it  ia  possible  to  either  remove  an  mspection 
plate  at  the  side  of  the  crank  chamber  or  the  bottom  of  the  crank 
ease  that  will  permit  one  to  locate  looseness  in  the  bearings  by  feel- 
ing of  them  or  attempting  to  move  them  up  and  down  with  a  small 
pinch  bar  placed  under  the  crankshaft  to  test  the  main  bearings  and 
under  the  connecting  rod  caps  to  test  the  crank  pin  bearings. 

Q.     How  are  loose  bearings  fixed? 

A.     The  common  method  of  restoring  loose  bearings,  provided 
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that  the  wear  is  not  abnormal,  is  to  remove  the  bearing  caps  and 
take  out  some  of  the  shims  usually  interposed  'between  the  bearing 
caps  and  the  crank  case  portion  of  the  main  bearings,  or  between 
the  members  of  the  connecting  rod  bearings.  When  these  shims 
are  removed  the  bearings  are  brought  down  closer  to  the  shaft. 
In  order  to  prevent  the  box  from  bearing  at  only  one  point  on  the 
shaft  it  is  customary  to  scrape  the  bearings  to  fit.  The  connecting 
rod  bearings  wear  soonest,  6n  account  of  their  projected  area 
being  less  than  that  of  the  main  bearing,  and  also  because  they  are 
subjected  to  the  full  force  of  the  explosion.  The  upper  half  of  the 
crank  case  of  a  tjrpical  four  cylinder  motor  with  the  crank  shaft  and 
main  bearings  exposed  is  clearly  outlined  at  Fig.  290. 

Q.  Name  principal  cause  of  poor  lubrication  if  trouble  is  not 
in  oiling  system. 

A,  Poor  lubrication  may  result  from  the  use  of  unsuitable  oil 
or  from  clogged  passages  or  oil  grooves  at  the  bearings. 

Q.  Describe  troubles  of  pressure  feed  oiler  and  gravity  feed 
type. 

A.  If  the  oil  does  not  reach  the  manifold  fitting  from  which  the 
pipes  lead  to  the  bearings  to  be  lubricated,  the  first  thing  to  do 
is  to  examine  the  oil  tank  to  make  sure  that  there  is  a  proper  amount 
of  lubricant  therein.  The  next  point  is  to  see  that  there  are  no 
leaks  through  which  pressure  can  escape  and  that  the  check  valve 
through  which  the  air  or  exhaust  gas  is  admitted  to  the  oil  tank 
is  in  proper  working  condition.  If  the  sight  feed  glasses  fill  up  it 
is  a  sure  indication  that  oil  reaches  the  manifold  fitting  but  that 
pipes  leading  from  the  full  glasses  are  clogged  or  blocked  in  some 
manner  so  that  oil  does  not  reach  the  bearing  point.  Sometimes 
there  may  be  sufiicient  pressure  on  top  of  the  oil  in  the  container 
to  cause  it  to  flow  but  the  oil  supply  pipe  may  be  clogged  up  or  the 
needle  valves  adjusting  the  flow  on  the  manifold  may  not  be  evened 
enough  or  may  be  constricted  by  solidified  oil  or  wax.  If  a  sight 
feed  oiler  fills  up,  the  pipe  leading  from  that  member  to  the  bearing 
point  it  serves  should  be  removed  and  thoroughly  cleared  out.  Care 
should  be  taken  with  pressure  feed  oiler  to  use  only  lubricants  of 
the  proper  viscosity,  as  heavy  oils  are  not  adapted  for  this  system 
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of  lubrication.  Medium  bodied  oils  may  be  used  successfully  in 
summer  while  only  l^ht  oils  having  a  low  cold  test  should  be  em- 
ployed in  winter. 

Q.     Outline  main  troubles  with  mechanical  oilers. 

A.  The  simplest  form  of  mechanical  oiling  system  is  the  con- 
Btant  level  splash  feed  where  an  oil  pump  circulates  the  oil  from  the 
flump  at  the  bottom  of  the  crank  case  to  the  compartments  in  which 
the  connecting  rods  dip.  The  main'  trouble  with  a  system  of  this 
nature  is  failure  of  the  pump  or  pump  driving  means  or  the  filter 
screen  mesh,  that  insures  that  the  pump  will  only  take  in  clean  oil, 
becomes  clogged  with  particles  of  lint,  carbon  or  other  substances. 
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As  these  till  the  mesh  of  the  filter  screen  they  prevent  adequate 
quantities  of  oil  passing  through  the  system.  When  mechanical 
oilers  of  the  individual  pump  type  are  used,  a  failure  of  the  entire 
device  to  supply  oil  may  be  ascribed  to  a  defect  in  the  driving  mem- 
ber, whereas  if  only  one  or  two  leads  are  at  fault  and  the  rest  function 
properly  the  trouble  is  local  and  is  probably  due  to  faulty  action 
of  the  inlet  or  discharge  cheek  valves  on  the  small  pumps  supply- 
ing the  leads  through  which  no  oil  is  passing.  If  the  trouble  is  not 
in  the  pumps  or  their  check  valves,  the  pipe  leading  to  the  bearing 
should  be  taken  off  and  cleaned  out. 
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Q.  What  are  main  causes  of  overheating  when  thermo- 
s}rphon  cooling  system  is  used? 

A.  If  a  motor  employing  a  natural  circulation  system  over- 
heats, this  condition  can  be  ascribed  more  often  to  defective  carbur- 
etion  or  lubrication  than  to  poor  cooling.  If  the  trouble  is  due  to 
the  cooling  system,  practically  the  only  thing  that  can  occur  is  con- 
stricting the  bore  of  one  of  the  rubber  hose  members  interposed 
in  the  pipe  line,  as  might  be  possible  if  the  inner  walls  of  the  hose 
deteriorated  and  allowed  particles  of  rubber  or  fabric  to  hang  down 
into  the  hose.  Sometimes  the  cylinders  may  be  full  of  scale  or  rust 
or  the  radiator  tubes  may  be  clogged  with  similar  material.  The 
presence  of  scale  or  rust  in  the  interior  of  the  water  jacket  is  not 
only  apt  to  produce  heating  by  impeding  the  flow  of  the  cooling 
water,  but  it  also  lowers  the  efficiency  of  the  cooling  system  because 
less  heat  is  abstracted  from  the  cylinder  wall  or  combustion  chamber 
sides  if  these  members  are  coated  with  scale  that  keeps  the  water 
from  being  directly  in  contact  with  the  heated  metal. 

Q.     What  are  the  main  defects  of  a  pump  circulating  system? 

A.  The  main  cause  of  overheating  with  a  forced  water  circu- 
lation system  of  cooUng  is  failure  of  the  pump  drive  or  some  defect 
in  the  pump  itself  that  prevents  circulation.  The  pipes  may  be 
filled  with  sediment  or  scale  or  there  may  be  accumulations  of 
rust  or  sediment  in  elbows  or  similar  connections  included  in  the 
pipe  line.  One  common  defect  that  often  causes  overheating  with 
either  natural  or  forced  circulation  is  failure  of  the  fan  driving  belt. 

If  the  radiator  tubes  are  filled  with  scale,  this  material  may  be 
removed  by  filling  the  radiator  with  some  solution  adapted  to  cut 
the  scale.  In  some  sections  of  the  country,  hot  washing  soda  so- 
lution will  soften  the  accumulations,  whereas  the  water  in  other 
districts  makes  it  necessary  to  use  some  dilute  acid  instead.  If  the 
only  running  water  available  contains  matter  that  will  form  scales 
it  will  be  well  for  the  motorist  to  use  only  distilled  or  rain  water 
in  the  cooling  system. 

Q.    How  will  defective  lubrication  cause  heat? 

A.  If  the  cooling  system  is  at  fault  and  proper  quantities  of 
lubricant  are  not  supplied  to  the  cylinders,  there  will  be  much  power 
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absorbed  in  friction  and  wherever  friction  is  present  heat  will 
always  exist.  An  engine  that  is  heating  up  unduly  is  generally 
one  that  is  not  lubricated  properly  or  that  is  burning  too  rich  mix- 
ture of  gas  if  the  trouble  is  not  in  the  cooling  system. 

Q.  How  will  defective  mixture  cause  heat,  and  how  is  car- 
buretor adjusted  to  overcome  this  condition? 

A.  A  mixture  that  contains  too  much  gasoline  vapor  will  be 
3I0W  burning  and  will  have  more  heating  value  without  producing 
correspondingly  more  power  than  one  of  proper  proportions  or 
having  an  excess  of  air.  As  combustion  is  not  perfect,  the  engine 
will  not  deliver  its  full  power  and  the  surplus  heat  liberated  every 
explosion  must  be  absorbed  by  the  cooling  system.  The  carburetor 
adjustment  varies  with  the  type  of  instrument  used,  but  as  a  general 
rule,  the  overheating  may  be  reduced  by  either  closing  down  the 
needle  valve  regulating  the  fuel  supply  so  that  less  gasoline  will 
be  sprayed  into  the  mixture  or  by  opening  the  air  valve  to  admit 
more  air  and  thus  dilute  the  rich  gas. 


LESSON  THIRTY-THREE 
TROUBLES  WITH  POWER  TRANSMISSION  PARTS 

Q.     What  are  the  main  clutch  troubles? 

A.  The  main  clutch  troubles  are  either  harsh  engagement^ 
failure  to  release  promptly,  or  slipping  which  means  that  the  clutch 
will  not  transmit  the  full  power  of  the  engine. 

Q.    What  is  the  main  cause  of  slipping? 

A.  If  a  clutch  is  a  cone  type,  as  shown  at  Fig.  291,  failure  to  driv^ 
properly  is  often  due  to  a  defective  leather  facing  which  may  be 
either  oil  soaked  so  that  it  slips  or  glazed  over  so  it  does  not  have 
the  proper  amount  of  frictional  adhesion  with  the  female  member. 
The  spring  holding  the  parts  in  contact  may  be  weak  or  broken  or 
the  spring  tension  adjustment  may  have  jarred  loose  and  unscrewed 
so  the  spring  does  not  exert  sufficient  pressure  to  keep  the  parts  in 
proper  frictional  contact. 

Q.     What  is  the  reason  for  harsh  engagement? 

A.  If  the  clutch  leather  is  dry  or  charred  the  clutch  is  apt  to 
engage  suddenly. 

Q.    What  can  be  done  to  make  the  cone  clutch  engage  easily? 

A.  If  the  leather  facing  is  charred  or  worn  too  much  it  should 
be  replaced  with  a  new  one,  whereas  if  it  has  only  become  dry  it 
may  be  softened  by  applying  kerosene,  neatsfoot  or  castor  oil  to 
the  leather  facing  to  soften  it.  Sometimes  harsh  engagement  is 
due  to  defective  or  imperfect  clutch  design  in  which  case  it  can 
only  be  eliminated  by  changing  the  clutch  structure  in  some  manner 
so  that  springs  may  be  inserted  under  the  leather  or  cork  inserts 
may  be  applied  in  a  clutch  cone. 

Q.     What  is  an  emergency  treatment  for  slipping  cone  clutch? 

A.  If  a  clutch  is  slipping  because  of  too  much  oil  between 
leather  facings  and  flywheel,  the  surplus  lubricant  may  be  absorbed 
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Fig.  291.— Sectional  View  of  Typical  Leather-Faced  Cone  Clatch 
Showing  Points  Where  Deterioration  Will  Interfere  Witb  Proper 
Clutch  Operation. 

by  fuller's  earth,  talcum  powder  such  as  used  for  tires,  or  borax. 
Sand  or  gravel  from  the  road  should  never  be  used  because  these 
substances  are  apt  to  cut  the  leather  facing  or  destroy  the  smooth 
finish  of   a  cast  iron  member. 

Q.     What  should  be  done  if  a  clutch  fails  to  drive  properly? 

A.  The  first  thing  to  look  at  is  the  condition  of  the  leather  sur- 
faces and  these  should  be  brought  to  proper  condition  before  any- 
thing else  is  done.  The  leather  should  be  soft,  springy  and  yet 
not  too  oily.  If  it  is  burnt  or  charred  or  glazed  over,  slipping  is 
unavoidable.    The  clutch  spring  and  fastenings  should  then  be 
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examined;  and  if  there  is  a  clutch  and  brake  interlock  the  various 
levers  comprising  this  assembly  should  be  examined  to  see  that 
they  are  in  proper  adjustment  and  not  holding  the  cone  out  of 
engagement. 

Q.     What  can  be  done  if  clutch  spring  is  weak? 

A.  In  almost  all  clutches  means  are  provided  for  increasing 
the  tension  of  a  clutch  spring  if  desired.  If  that  member  has  weak- 
ened, it  should  be  compressed  more  tightly  by  means  of  the  adjust- 
able member  or  members  provided  for  that  purpose.  If  adjust- 
ment does  not  produce  positive  driving,  then  the  spring  should  be 
replaced  with  a  member  of  proper  strength. 

Q.  If  a  cone  clutch  does  not  disengage,  where  should  trouble 
be  looked  for? 

A.  The  first  thing  to  examine  is  the  clutch  operating  pedal  and 
the  various  members  by  which  it  is  connected  to  the  clutch  shift- 
ing yoke.  There  may  be  enough  lost  motion  at  the  various  con- 
nections so  that  a  full  sweep  of  the  pedal  does  not  produce  full 
movement  of  the  clutch  cone.  If  the  clutch  actuating  levers  op- 
erate properly  the  next  point  to  examine  is  the  ball  thrust  bearing 
taking  the  spring  pressure.  If  there  is  a  broken  ball  or  if  it  is  gum- 
med up  with  old  dried  grease  the  tendency  of  the  clutch  spring 
will  be  to  drive  the  clutch  cone  even  if  that  member  is  not  in  en- 
gagement with  the  flywheel.  There  will  be  sufiicient  friction  at 
the  thrust  bearing  if  that  member  does  not  function  properly  so 
that  it  will  turn  with  the  engine  shaft  and  its  motion  will  be  trans- 
ferred through  the  spring  to  the  clutch  cone.  The  bearing  that 
supports  the  clutch  cone  may  wear  enough  so  the  cone  will  drop 
far  enough  to  drag  at  its  lower  portion  even  when  released.  This 
also  will  prevent  prompt  disengagement.  Sometimes  the  clutch 
cone  bearing  becomes  dry  and  will  seize  on  the  shaft.  If  much 
friction  exists  between  the  shaft  and  the  clutch  cone  bearing  the 
cone  will  be  carried  around  by  the  adhesion  between  these  members 
and  while  it  may  not  stick  tightly  enough  to  drive  the  car  it  will 
continue  to  rotate  long  enough  after  the  spring  pressure  is  released 
so  that  gear  shifting  will  be  difficult. 
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Q.     What  are  principal  troubles  with  multiple  disc  clutches? 

A.  A  typical  multiple  disc  clutch  assembly  is  shown  at  Fig,  292. 
This  form  of  clutch  is  subject  to  the  same  derangements  that  the 
cone  clutch  is  heir  to,  i.  e.,  it  may  slip  and  not  transmit  power 

effectively,  it  may  fail  to  release  or  it  may  engage  harshly.  As  has 
been  explained  in  a  previous  lesson,  multiple  disc  clutches  are  in 
two  forma,  those  designed  to  operate  without  lubrication  and  other 
forms  in  which  lubricant  is  necessary.  If  the  surfaces  of  a  clutch 
of  the  dry  plate  form  become  coated  with  lubricant  it  will  slip  and 
will  not  transmit  its  power  effectively.  At  the  other  hand,  if  the 
surfaces  of  a  type  designed  to  run  in  oil  get  dry  the  clutch  will  not 
only  engage  harshly  but  will  drag  and  fail  to  release  promptly. 


Fig.  292.— Typical  Multiple  Disc  Clutch  of  the  Dry  Plate  Type. 

If  a  dry  plate  clutch  engages  too  suddenly,  the  friction  surfaces 
or  the  clutch  disc  should  be  examined  to  make  sure  that  they  are 
in  proper  condition.  If  the  clutch  plates  are  faCed  with  some 
friction  material,  any  defect  in  that  member  will  cause  trouble  just 
as  in  a  cone  clutch.  If  the  friction  facing  becomes  charred  or 
glazed  over  it  will  engage  harshly  whereas  if  it  becomes  soaked 
with  oil  it  is  apt  to  slip. 

Q.     How  can  clutch  "spinning"  be  prevented? 

A.  Continued  rotation  of  the  driven  clutch  member,  such  aa 
the  cone  or  driven  plate  assembly,  when  foot  lever  is  depressed  and 
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clutch  is  supposed  to  be  out  of  action  may  be  eliminated  by  over- 
coming the  defective  condition  producing  this,  such  as  restoring 
the  ball  thrust  bearing  or  bearing  on  which  the  cone  rotates  if  these 
produce  drag;  by  smoothing  the  friction  surfaces  of  an  all  metal 
clutch  or  cleaning  out  the  charred  or  thickened  lubricant  if  that  is 
at  fault.  If  the  trouble  is  inherent  with  the  clutch  design  employed, 
then  some  simple  form  of  clutch  brake  may  be  fitted  as  previously 
described. 

Q.     Why  is  it  undesirable  to  have  "spinning"  clutch? 

A.  If  the  clutch  does  not  release  promptly  and  the  driven  mem- 
ber continues  to  rotate  when  pedal  is  depressed  it  will  be  difficult 
to  shift  geaps  promptly  and  quietly.  The  clashing  of  the  teeth 
produces  rapid  depreciation  of  the  driving  gears  and  the  gearset 
is  noisy  all  the  time  it  is  in  use. 

Q.     What  causes  "friction"  transmission  to  slip? 

A.  The  slipping  of  friction  disc  drive  is  often  due  to  accumula- 
tions of  lubricant  on  the  face  of  the  driving  wheel.  This  reduces 
the  friction  adhesion  and  even  the  full  pressure  exerted  at  the  actu- 
ating pedal  may  not  be  sufficient  to  insure  positive  drive  under 
severe  conditions  of  operation.  The  surplus  lubricant  may  be  wash- 
ed off  the  aluminum  driving  surface  with  gasoline  and  the  cleaned 
surface  may  be  dusted  over  with  talc  or  fuller's  earth  to  absorb  any 
lubricant  not  cut  by  the  gasoline.  If  slipping  is  not  due  to  oily 
driving  surfaces,  it  is  caused  by  wear.  After  a  time  the  friction 
facing  on  the  driven  wheel,  which  is  usually  a  ring  of  strawboard 
fiber,  becomes  broomed  out  and  will  not  contact  properly  with  the 
driving  wheel.  This  condition  is  apt  to  materialize  if  too  much 
pressure  is  exerted  against  the  pedal  for  ordinary  driving,  but  it  is 
inevitable  even  if  extreme  care  is  taken  in  operating  though  not 
apt  to  become  serious  for  2,500  to  3,000  miles.  The  rings  are  not 
expensive  and  are  easily  replaced.  If  the  surface  of  the  driving 
member  becomes  roughened  or  scored  it  will  not  be  possible  for  the 
fiber  ring  to  bear  evenly  its  full  width  so  its  capacity  will  be  reduced 
in  proportion  to  the  decrease  in  effective  bearing  face.  The  sur- 
face of  the  aluminum  wheel  must  be  true  and  smooth  and  if  that 
member  has  become  worn  so  a  series  of  uneven  circular  grooves 
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or  tracks  concentric  with  the  outer  periphery  exist  on  its  face, 
it  must  be  put  in  a  lathe  and  faced  ofif  until  the  bearing  surface  is 
in  proper  condition. 

Q.  Why  is  it  necessary  to  have  center  line  of  cross  shaft 
coincide  with  that  of  driving  disc? 

A  If  the  bearings  supporting  either  the  cross  shaft  carrying 
the  fiber  faced  wheel  or  the  drive  shaft  to  which  the  aluminum  disc 
is  fastened  wear  sufficiently  to  permit  either  member  to  sag,  it 
will  be  difficult  to  keep  the  driven  wheel  in  position  as  it  will  have 
a  tendency  to  work  to  one  side  or  the  other  of  the  aluminum  wheel. 
In  order  to  have  the  wheel  stay  in  place  it  will  be  necessary  to  ad- 
just the  bearings  so  the  center  lines  of  the  cross  shaft  and  drive 
shaft  are  on  the  same  plane. 

Q.  What  causes  high  speed  clutch  of  planetary  gearset  to 
slip? 

A.  If  the  clutch  actuating  leverage  wears,  or  the  surfaces  of  the 
driving  members  wear  a  little,  the  drive  will  not  be  positive  and  it 
is  necessary  to  adjust  the  plates  or  their  actuating  cone  so  they  will 
be  held  together  with  more  pressure.  The  planetary  gearset  shown 
at  Fig.  293  is  a  type  used  on  some  early  models  of  the  Overland 
cars  and  the  method  of  adjusting  the  high  speed  or  direct  drive 
clutch  is  clearly  outlined  and  is  typical  of  that  form  of  gearing.  The 
clutch  fingers  are  carried  by  a  spider  member  screwed  on  the  hub 
of  the  clutch  driver  and  this  is  locked  in  place  by  the  pin  Z>.  To 
increase  the  pressure  between  the  plates,  the  locking  pin  is  pulled 
clear  of  depressions  in  the  pressure  plate  and  the  spider  is  advanced 
or  screwed  up  on  the' thread  to  bring  the  clutch  fingers  closer  to  the 
plate  and  when  the  proper  position  is  reached,  as  indicated  by  the 
amount  of  resistance  offered  against  locking  the  clutch  plates  to- 
gether, the  locking  pin  D  may  be  pushed  into  the  nearest  hole  to 
retain  the  correct  adjustment.  If  the  spider  is  tightened  too  much 
it  will  not  be  possible  to  engage  the  clutch,  if  it  is  too  loose  the 
clutch  will  slip. 

Q.  Suppose  the  low  speed  or  reverse  motion  of  a  planetary 
gear  does  not  engage,  what  can  be  done  to  remedy  the  slipping? 

A.     As  previously  explained  the  slow  and  reverse  speeds  in  a 
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Fig.  293, — View  of  Planetary  Change  Speed  Gearing  Used  on  Some 
Early  Models  of  Overland  Cars  Showing  Paints  Where  Adjust- 
ment Can  Be  Made. 

planetary  gearaet  are  usually  engaged  by  tightening  a  brake  band 
around  one  of  the  drums  in  which  the  gearing  is  carried.  In  the 
gearset  shown  at  Fig.  293,  the  band  nearest  the  high  speed  clutch 
engages  the  reverse  ratio  while  the  other  serves  as  a  clutch  member 
for  the  slow  speed  drum.  Failure  of  these  speeds  to  engage  is  gen- 
erally due  to  slipping  brake  bands.     In  the  gearset  under  discussion 
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the  brake  bands  may  be  easily  adjusted  by  releasing  the  lock  nut 
B  and  screwing  in  the  adjusting  screw  C  until  the  band  will  hold 
in  a  positive  manner.  Two  such  adjusting  screws  are  provided  on 
the  bottom  of  the  gearcase.  That  nearest  the  front  of  the  car  serves 
for  adjusting  the  reverse  band,  the  other  acts  as  a  tightener  for  the 
slow  speed  band.  Care  should  be  taken  not  to  adjust  the  bands 
80  they  will  bind  when  the  clutching  action  is  not  desired.  If  the 
adjusting  screw  is  turned  in  to  its  limit  and  the  brake  band  still 
slips  it  is  an  indication  that  the  brake  linings  are  worn  to  a  point 
where  renewal  iS  necessary. 

Q.  Suppose  transmission  case  containing  planetary  gearing 
gets  hot,  what  does  this  indicate? 

A.  A  heated  planetary  gear  case  is  caused  by  either  a  slipping 
or  binding  brake  band  or  by  lack  of  lubricant  between  the  bearing 
surfaces.  The  trouble  is  usually  remedied  by  adjusting  the  brake 
bands  so  they  release  promptly  when  no  pressure  is  applied  to 
tighten  them. 

Q.  What  causes  noisy  operation  of  gearing  on  low  or  reverse 
speeds? 

A.  If  the  lubricating  oil  used  in  a  planetary  gearset  does  not 
have  sufficient  body  to  cushion  the  gear  action,  this  form  is  apt  to 
be  noisy  even  when  new.  At  the  other  hand,  no  matter  how  thor- 
oughly one  oils  the  gearing,  any  wear  in  gear  teeth  or  pinion  and 
drum  bearings  will  produce  noise  which  will  be  present  at  all  times 
except  when  the  car  is  on  direct  drive.   - 

Q.     What  causes  noisy  operation  of  sliding  gears? 

A.  A  plan  view  of  a  typical  four  speed  gearbox  is  shown  at  Fig. 
29^4  with  the  points  where  depreciation  •  can  be  expected  clearly 
outlined.  As  noisy  operation  is  due  to  improper  meshing  of  gears 
any  condition  that  prevents  gear  teeth  from  fitting  properly  will 
produce  grinding  sounds.  If  the  bearings  are  worn  or  out  of  ad- 
justment sufficiently  so  the  main  and  counter  shaft  center  lines 
are  not  in  alignment  it  will  be  impossible  to  have  correct  gear  en- 
gagement. If  the  gear  teeth  have  become  burred  or  battered  by 
careless  shifting,  or  if  they  have  worn  in  service  so  considerable 
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looseness  exists  between  the  teeth,  power  cannot  be  transmitted 
Biuoothly  on  account  of  the  lost  motion. 
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Fig.  295. — Sectional   View  of  Reo  Three   Speed  Selective  Gear  Set 
Showing  Arrangement  of  Inyiortant  Gears,  Shift  Members  and 

Q.     What  prevents  sliding  gears  from  engaging  promptly? 

A.  If  the  gear  teeth  are  burred  so  that  some  of  the  displaced 
metal  fills  parts  of  the  tooth  space  or  if  the  main  and  counter-shaft 
center  distances  have  changed  through  bearing  depreciation  or 
othercauses  it  will  be  very  difficult  to  engage  the  gear  teeth  promptly. 
Sometimes  the  shifter  yoke  actuator  rods  may  bind  in  their  bear- 
ings or  the  hand  control  lever  employed  to  shift  the  gears  may  work 
stiffly.  If  the  gears  are  in  proper  condition  and  the  shaft  bearings 
have  not  worn  appreciably  any  trouble  in  gear  shifting  may  be  at- 
tributed to  faulty  clutch  action. 
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Q.    What  is  the  chief  cause  of  stripped  gears? 

A.  The  chief  cause  of  broken  or  stripped  gears,  provided  that 
these  are  adequately  strong  for  the  work  they  are  to  do,  is  attempt- 
ing to  shift  to  the  gears  without  fully  releasing  the  clutch.  Some- 
times particles  of  metal,  such  as  slivers  ground  off  of  the  gears  when 
they  are  carelessly  shifted,  will  get  into  the  bearings  and  after  caus- 
ing depreciation  at  these  points  larger  particles  of  the  metal  such 
as  broken  balls  or  rolls  may  get  between  the  gear  teeth  and  seriously 
damage  these  members.  ^ 

Q.     Describe  care  of  driving  chains  and  sprockets. 

A.  To  secure  efficient  operation  of  driving  chains  it  is  impera- 
tive that  these  be  kept  clean  and  in  proper  adjustment.  If  the 
chains  are  allowed  to  get  dirty  the  grit  that  accumulates  on  the  sur- 
faces will  wear  out  the  sprockets  very  fast  and  some  of  the  abrasive 
matter  will  also  wear  the  driving  chain  rolls.  It  is  good  practice 
to  remove  chains  at  least  every  five  hundred  miles  and  clean  these 
thoroughly  by  immersing  in  a  bath  of  kerosene  oil,  allowing  them 
to  soak  until  all  grit  is  washed  out.  They  are  then  immersed  in 
lubricant  composed  of  mineral  grease  and  graphite  which  has  been 
heated  so  it  is  fltiid  enough  to  penetrate  all  the  crevices  of  the  chain. 
After  the  chain  has  been  sufficiently  lubricated  it  is  taken  out  of 
the  hot  oil  and  is  allowed  to  drain.  The  sprocket  should  be  thor- 
oughly cleaned  and  if  the  teeth  are  worn  hook  shape  the  sprocket 
may  be  reversed,  if  it  is  removable,  so  the  hook  side  of  the  teeth  will 
come  in  action  only  when  the  reverse  gear  is  employed.  In  this 
way  it  is  possible  to  obtain  greater  life  from  worn  sprockets,  though 
the  best  method  of  repair  will  be  to  replace  the  worn  members. 

The  small  sprockets  on  the  drive  shaft  or  at  the  end  of  the  counter 
shaft  will  wear  much  sooner  than  the  large  sprockets  on  the  driving 
wheels.  If  sprockets  and  chain  are  worn  it  is  best  to  renew  sprockets 
as  well  as  the  chain  instead  of  trying  to  run  a  new  chain  on  the  old 
sprockets.  Chain  breakages  are  due  principally  to  worn  rivets  or 
side  plates  which  reduce  the  strength  of  some  of  the  links,  whereas 
rapid  wear  of  the  chains  may  be  attributed  to  lack  of  proper  lubri- 
cation and  cleanliness.  Drive  chains  should  be  adjusted  so  that 
there  is  some  slack  in  the  chain.  If  the  radius  rods  are  screwed 
up  too  tightly  so  the  chain  is  under  tension  it  will  not  only  produce 
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considerable  noise  but  is  apt  to  snap.  Chains  are  tightened  by 
lengthening  the  radius  rod  extending  from  the  jack  shaft  to  the 
rear  axle. 

Q.     What  parts  of  shaft  drive  system  are  apt  to  cause  trouble? 

A.  The  parts  of  a  shaft  drive  system  that  may  cause  noisy  drive 
are  worn  universal  joints  and  drive  gears.  The  only  condition 
that  will  cause  failure  to  drive  is  either  breaking  or  shearing  of  the 
propeller  shaft  (which  seldom  happens)  the  shearing  of  a  key  or 
driving  pin  in  a  universal  joint  hub  and  the  failure  of  the  fastening 
means  that  hold  either  the  bevel  drive  pinion  on  the  propeller  shaft 
or  the  ring  gear  on  the  differential. 

Q.  How  is  wear  in  universal  joints  indicated,  and  how  can 
it  be  remedied? 

A.  If  universal  joints  are  worn,  this  condition  will  be  evidenced 
by  a  clicking  or  knocking  sound  when  the  clutch  is  engaged  or  the 
drive  interrupted  and  when  the  brakes  are  applied.  The  wear  is 
usually  present  in  the  universal  joint  cross  or  the  pins  on  which  this 
member  oscillates.  Most  universal  joints  are  provided  with  bronze 
bq^hings  that  may  be  driven  out  and  replaced  with  new  members 
when  they  wear.  If  the  pins  are  worn,  new  case  hardened  members 
may  be  inserted.  If  a  universal  joint  is  properly  lubricated,  it 
is  not  apt  to  depreciate  rapidly,  so  where  these  members  are  run 
in  exposed  locations  it  will  be  well  to  house  them  in  a  leather  bag 
which  can  be  filled  with  the  lubricant.  This  serves  as  a  protection 
against  grit  and  also  insures  that  the  joint  will  be  properly  lubricated 
as  the  presence  of  grease  between  the  working  surfaces  of  the  joints 
will  cushion  the  shock  present  while  driving  and  even  if  the  parts 
wear  to  some  extent  the  joint  will  not  be  noisy  in  action. 

Q.     What  are  main  defects  of  driving  gears? 

A.  Provided  that  the  teeth  are  not  worn  unduly  and  that  the 
bearings  supporting  the  differential  casing  and  bevel  pinion  drive 
shaft  are  not  worn,  noisy  operation  of  the  gears  indicates  either 
lack  of  lubricant  or  poor  adjustment.  If  gears  are  not  properly 
lubricated  or  are  meshed  too  deeply,  there  will  be  a  continuous 
grinding  noise  in  the  rear  axle  all  the  time  the  car  is  in  operation. 
If  the  insertion  of  new  mineral  grease  in  the  differential  housing  does 
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not  silence  the  noisy  action,  the  gears  should  be  inspected  to  see 
that  the  teeth  are  not  worn  too  much  and  that  they  are  meshed 
properly.  If  there  is  too  much  play  between  the  geaxs,  there  is 
apt  to  be  a  rattle  or  knocking  in  the  rear  axle  instead  of  a  grinding 
noise.  If  considerable  looseness  exists  between  the  gear  teeth, 
an  effort  should  be  made  to  eliminate  practically  all  lost  motion 
by  moving  the  entire  differential  assembly  nearer  to  the  bevel 
pinion  which  can  be  easily  done  in  most  forms  of  floating  axle  or 
by  meshing  the  pinion  more  deeply  in  the  ring  gear. 

Q.  Does  differential  gearing  ever  give  trouble,  and  how  is  it 
evidenced? 

A.  The  differential  gearing  of  most  cars  is  so  strongly  made 
and  so  simple  in  construction  that  it  is  not  apt  to  cause  trouble. 
Differentials  of  the  bevel  pinion  type  which  have  stronger  teeth 
are  not  so  apt  to  become  broken  as  are  those  of  the  spur  pinion 
type.  If  the  differential  is  not  functioning  properly  there  will  not 
only  be  difficulties  in  steering  but  there  may  actually  be  a  failure 
in  the  final  drive.  The  most  common  differential  gear  trouble  is 
stripped  pinion  teeth.  Sometimes,  in  cases  where  a  differential 
has  been  used  for  some  time,  the  gear  teeth  may  become  sufficiently 
worn  so  they  will  break  off.  The  only  remedy  for  this  defective 
condition  is  to  remove  the  entire  differential  assembly  from  the 
rear  axle  and  substitute  new  gears.  A  differential  is  apt  to  be 
noisy  in  action  if  the  pins  on  which  the  gears  revolve  become  worn. 
If  the  driving  keys  or  pins  by  which  the  live  axle  shafts  attached 
to  the  wheels  are  driven  become  loose  they  are  apt  to  shear  off  and 
failure  of  drive  is  inevitable. 


LESSON  THIRTY-FOUR 

CHASSIS  TROUBLES  AND   ELIMINATION 

Q.  What  can  be  done  if  frame  side  member  sags  after  it  has 
been  in  service  for  a  time? 

A.  The  weakened  frame  member  may  be  re-enforced  by  means 
of  an  internal  steel  plate  that  fits  in  the  channel  and  which  ex- 
tends as  far  as  possible  on  each  side  of  the  weak  point  or  the  frame 
may  be  brought  back  ill  place  and  kept  in  line  by  means  of  a  simple 
turnbuckle  truss  rod  which  extends  from  one  end  of  the  frame 
member  to  the  other. 

Q.     Why  must  frame  members  be  straight? 

A.  If  the  frame  members  sag  and  the  transmission  and  power 
plant  are  separate  units,  these  members  will  get  out  of  line  and 
considerable  binding  of  the  clutch  or  gearset  bearings  may  result. 

Q.     What  happens  if  frame  rivets  are  loose? 

A.  If  the  rivets  by  which  the  various  gusset  plates  and  cross 
members  are  secured  to  the  frame  side  members  become  loose  the 
frame  structure  is  seriously  weakened.  If  the  rivets  have  become 
worn  and  the  holes  enlarged  it  will  be  necessary  to  replace  them  with 
larger  rivets  which  must  be  forced  tightly  in  the  enlarged  hole  and 
then  securely  hot  riveted  in  place.  A  frame  having  loose  rivets 
is  apt  to  squeak  and  will  not  maintain  the  proper  alignment  between 
the  engine  and  the  gearset. 

Q.     What  attention  do  springs  need? 

A.  Springs  require  very  little  attention,  the  main  points  being 
to  keep  the  spring  clips  tight  and  to  keep  the  spring  shackle  bolts 
oiled.  The  springs  should  not  be  allowed  to  get  rusty  because  their 
smooth  action  will  be  impeded  if  rust  accumulates  between  the 
laminae  or  leaves  of  which  the  spring  is  composed. 
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Q,  What  is  a  sure  indication  of  rusty  springs,  and  how  can 
it  be  prevented? 

A.  If  springs  are  rusty,  either  at  the  spring  shackles  or  between 
the  leaves,  a  squeaking  sound  will  be  heard  whenever  the  car  is 
operated  over  roads  requiring  much  spring  action.  This  squeak- 
ing may  be  easily  prevented  by  separating  the  leaves  of  the  spring 
and  inserting  oil  or  graphite  grease  between  them. 


Ste.e'/So/-  OrT/'r^  Iron 
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Fig.  296. — Methods  of  Making  Emergency  Spring  Repairs  Outlined. 

Q.     What  causes  spring  breakage? 

A,  If  a  car  is  driven  at  high  speed  over  very  rough  roads  or  if 
it  is  loaded  beyond  its  capacity,  the  springs  are  apt  to  be  deflected 
beyond  the  safe  point  and  will  break  on  the  rebound,  especially 
if  the  wheels  strike  an  obstruction  or  drop  into  a  hole  in  the  road 
when  revolving  at  high  speeds, 

Q.  Describe  emergency  road  repair  in  event  of  spring  break- 
ing. 

A.  If  a  spring  breaks  at  the  center  where  the  bolt  goes  throug^i 
as  shown  at  A,  Fig.  296,  it  may  be  repaired  temporarily  by  placing 
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a  rubber  bumper  or  block  of  wood  over  the  break  and  putting  a 
steel  bar  or  heavy  tire  iron  over  it  and  firmly  attaching  to  each  end 
of  the  spring  by  leather  belt  lace,  rope,  or  wire.  If  the  break  is 
at  a  point  between  the  center  and  one  of  the  spring  eyes,  the  spring 
may  be  repaired  as  outlined  at  B,  Fig.  296.  In  this  case  the  block 
of  wood  is  placed  over  the  fracture  and  the  iron  bar  fastened  to  the 
spring,  as  indicated. 

A  useful  accessory  that  may  be  carried  in  the  tool  box,  as  it  oc- 
cupies very  little  space,  is  outlined  at  Fig.  297.  This  spring  repair 
member  is  a  steel  forging  or  casting,  provided  with  a  pair  of  repair 
clamps  so  it  may  be  firmly  secured  to  the  spring  member.     This  is 
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Fig.  297. — How  the  Emergency  Spring  Repair  Member  is  Utilized 
When  a  Spring  Breaks  at  the  Center. 

a  mucn  better  temporary  repair  than  those  shown  at  Fig.  296  and 
the  repair  member  is  equally  useful  if  the  break  is  at  the  center  or 
if  it  is  near  the  end.  One  advantage  of  the  construction  is  that  it 
may  be  used  to  replace  one  of  the  spring  eyes,  should  that  member 
break  off.  If  a  spring  breaks  and  no  material  is  at  hand  for  repair- 
ing it  the  spring  may  be  relieved  of  the  car  weight  by  filling  the  space 
between  the  car  frame  and  the  axle  with  a  heavy  block  of  wood 
and  tying  this  securely  in  place  to  prevent  it  from  falling  out. 
A  car  may  be  driven  several  hundred  miles  at  moderate  speed  when 
repaired  in  this  manner  even  if  a  spring  is  broken  beyond  repair. 

Q.     What  is  the  main  cause  of  back  lash  in  steering  gear? 

A.     The  main  cause  of  lost  motion  in  the  steering  gear  is  depre- 
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ciation  of  the  reduction  gears  and  wear  at  the  various  joints  on 
the  drag  link  or  tie-bar. 

Q.     How  is  lost  motion  in  gears  taken  up? 

A.  A  typical  steering  gear  assembly  and  front  axle  parts  are 
outlined  at  Fig.  298.  Lost  motion  between  the  gears  when  of  the 
form  shown  may  be  eliminated  by  removing  the  steering  arm  from 
the  worm  gear  and  turning  that  member  around  in  its  bearings  so 
that  new  teeth  come  in  contact  with  those  of  the  worm  on  the  steer- 
ing pillar  and  then  replacing  the  steering  arm.  The  wear  usually 
occurs  at  that  point  of  bearing  between  the  teeth  in  contact  when 
the  hand  wheel  is  set  in  the  straight  ahead  position  because  the 
irreversible  worm  gears  used  do  not  permit  the  steering  post  to  turn 
when  the  wheels  strike  an  obstruction  and  therefore  all  the  shock 
is  taken  on  the  teeth  of  the  gears. 

If  the  bearings  supporting  the  worm  gear  to  which  the  steering 
arm  is  attached  are  worn,  they  may  be  replaced  with  new  members 
so  there  is  no  lost  motion  at  the  bearing.  If  the  steering  post  has 
an  up  and  down  movement,  this  may  be  prevented  by  screwing 
down  the  adjusting  nut  at  the  top  of  the  gear  casing,  which  will 
bring  the  thrust  bearing  parts  in  closer  relation.  If  the  ball  thrust 
bearings  are  worn  unduly,  these  members  should  be  replaced. 
The  hand  wheel  should  be  firm  on  the  steering  post  as  sometimes 
the  key  by  which  it  isu  fastened  may  wear  to  such  an  extent  that 
the  wheel  spider  will  be  loose  on  the  steering  column  even  if  the 
reduction  gears  are  tight.  Another  point  that  demands  inspection 
is  the  anchorage  of  the  wheel  rim  on  the  spokes.  Lost  motion  at 
the  other  points  in  the  steering  system  will  also  tend  to  produce  back 
lash  at  the  handwheel. 

Q.     What  causes  stiff  action  of  steering  gear? 

A.  If  the  joints  on  the  tie-bar  and  drag  link  become  dry  and 
the  bearings  of  the  worm  wheel  shaft  and  steering  post  are  not 
properly  lubricated  the  action  of  the  gearing  is  apt  to  be  stiff.  Some 
forms  of  steering  gears  may  be  adjusted  by  eccentric  bushings  which 
may  be  oscillated  to  bring  the  worm  and  worm  gear  in  closer  re- 
lation. If  the  bearings  are  turned  so  that  all  lost  motion  is  elim- 
inated with  the  gearing  in  the  straight  ahead  position,  the  action 
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is  apt  to  be  stifiF  when  the  hand  wheel  is  turned  because  the 
teeth  that  have  not  worn  because  they  are  not  used  as  much  are 
brought  in  action  when  the  worm  is  rotated  to  either  extreme.  Some- 
times stiff  action  of  the  steering  gear  is  due  to  accumulations  of 
rust  between  the  steel  steering  post  and  its  surrounding  tube.  The 
steering  knuckle  spindle  bolts  also  are  apt  to  become  dry  and  will 
assist  in  producing   stiff  action  when  in  this  condition. 

Q.  What  can  be  done  to  eliminate  lost  motion  in  other  parts 
of  the  steering  system? 

A.  The  point  where  wear  is  more  apt  to  materialize  is  at  the 
relatively  small  bearings  on  the  tie-bar.  The  pins  passing  through 
the  steering  spindle  may  become  worn  or  the  bushings  in  the  spindle 
arm  bosses  may  wear  oVftl.  This  lost  motion  may  be  easily  elimi- 
nated by  forcing  new  bronze  bushings  in  place  and  renewing  the  worn 
pins.  Owing  to  the  large  amount  of  bearing  surface  provided,  the 
steering  knuckle  bolts  are  not  apt  to  wear  unless  lubrication  has  been 
neglected.  These  and  the  bushings  in  the  steering  knuckles  are 
also  easily  replaced.  The  joints  at  the  end  of  the  steering  arm  on 
axle  and  steering  gear  are  apt  to  become  loose,  but  as  a  rule  these 
are  adjustable  ball  and  socket  joints  and  can  be  easily  tightened 
by  a  simple  adjusting  nut  that  brings  the  parts  into  closer  engage- 
ment. Wear  at  these  components  may  be  easily  detected  by  grasp- 
ing the  tie-bar  or  drag  link  firmly  and  seeing  if  they  will  move  either 
endwise  or  up  and  down  without  moving  the  wheels.  Wear  in  the 
steering  knuckle  bolt  may  be  detected  by  jacking  up  the  front  axle 
and  grasping  the  wheel  rim  at  top  and  bottom  to  see  if  there  is  any 
play  at  the  steering  knuckle.  There  are  two  points  in  the  steering 
system  that  must  be  inspected  frequently.  These  are  the  joints 
on  the  drag  link  and  those  on  the  end  of  the  tie-bar. 

Q.  How  can  depreciation  at  the  tie  bar  and  drag  link  yokes 
be  prevented? 

A  These  parts  should  be  lubricated  and  kept  clean.  A  good 
precaution  to  take  is  to  enclose  these  in  leather  bags  which  may 
be  securely  fastened  around  them  and  which  may  be  packed  with 
grease  so  the  joints  are  not  only  continuously  lubricated  but  are  also 
kept  free  of  dirt. 
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Q.    What  points  on  the  front  axle  are  liable  to  give  trouble? 

A.  Practically  the  only  parts  that  need  inspection  on  the  front 
axle  are  the  wheel  bearings  which  must  be  kept  in  proper  adjust- 
ment. Full  instructions  are  given  for  the  care  of  all  types  of  anti- 
friction bearings  in  a  preceding  lesson. 


Bra/re  Shoe- 


Bra/^(z.Dro, 
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Fig.  299. — ^Toggle  Actuated  Internal  Expanding  Shoe  Brake,  Showing 
Adjustments  to  Compensate  for  Brake  Shoe  Wear. 

Q.  What  is  the  main  cause  of  stiff  control  lever  or  pedal 
action? 

A.  Accumulations  of  rust  at  the  bearing  points  of  the  clutch 
pedal  or  hand  lever  supporting  shafts  will  make  these  members 
work  hard.  The  rods  may  spring  or  become  bent  and  this  also  will 
produce  friction  to  prevent  easy  operation.  These  members  may 
be  freed  up  by  soaking  the  affected  parts  liberally  with  kerosene 
to  cut  the  rust  and  then  oil  the  bearing  points.  If  a  lever  support- 
ing rod  or  tube  is  sprung  or  bent  it  must  be  straightened. 

Q.     What  causes  brakes  to  slip? 

A.  Internal  brakes  such  as  illustrated  at  Figs.  299  and  300  may 
slip  if  there  is  too  much  oil  between  the  braking  surfaces  or  if  the 
I'Saoes  are  worn  so  they  do  not  bind  against  the  brake  drum  in  the 
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proper  manner.  Sometimes  the  brake  shoes  may  be  faced  with 
some  friction  material  and  when  this  wears  the  brakes  will  not 
engage  properly.  Often  the  friction  material  may  wear  down  so 
the  rivet  heads  by  which  it  is  held  are  flush  with  the  surface 
of  the  material.  Under  these  conditions,  the  rivet  heads  bear  on 
the  brake  drums  instead  of  the  friction  material  and  owing  to  the 
very  limited  surface  the  retarding  action  is  not  sufficient  and  the 
brake  will  slip  even  though  maximum  pressure  is  applied  at  the 
brake  pedal  or  hand  lever. 


Cc/T? 


ro/r^Dtu/r? 


Fig.  300. — Cam  Actuated  Internal  Brake. 

Q.  What  means  are  provided  for  compensating  for  external 
brake  band  wear? 

A.  On  practically  all  brakes  of  the  external  form  the  band  is 
provided  with  some  method  of  compensating  for  depreciation. 
The  usual  means  is  a  turnbuckle  or  screw  arrangement  that  permits 
one  to  take  out  lost  motion  by  tightening  the  band  a  little  more 
around  the  brake  drum.  If  the  brake  rattles  and  does  not  apply 
promptly  it  may  be  considered  an  indication  that  it  needs  adjust- 
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ment.  If  the  material  is  worn  down  so  the  steel  bands  are  exposed 
in  several  places,  the  friction  material  must  be  renewed  before  at- 
*«mpt  is  made  to  adjust  the  brake. 

Q.     What  means  are  provided  for  allowing  for  wear  of  in- 
ternal brakes? 

A.  An  internal  expanding  brake  of  the  type  shown  at  Fig.  299 
may  be  adjusted  for  wear  by  loosening  the  lock  nut  M  and  the 
adjusting  nut  F  and  screwing  F  down  so  the  shoes  may  be  expanded 
to  some  extent  when  the  lost  motion  existing  between  F  and  the 
toggle  actuator  which  slides  on  the  threaded  rod  fastened  to  the 
brake  operating  bell  crank  is  prevented.  When  the  proper  amount 
of  adjustment  is  secured  the  lock  nut  M  is  screwed  down  tightly 
against  the  toggle  actuator;  bringing  the  toggle  actuator  nearer 
the  Drake  drums  compensates  for  wear  of  the  shoes.  If  the  shoes 
are  worn  to  such  an  extent  that  adjustments  cannot  be  made  by 
moving  the  toggle  actuator,  the  pins  in  the  yoke  members  L  may 
be  removed  and  the  yokes  screwed  out  several  threads  after  which 
the  pins  are  again  replaced.  In  the  form  of  brake  outlined  at  Fig. 
300,  where  a  cam  is  used  to  spread  the  brake  shoes  instead  of  a 
toggle  leverage,  the  only  way  that  wear  between  the  surfaces  may 
be  corrected  is  by  shortening  the  cam  actuating  rod.  This  may 
have  a  turnbuckle  or  may  be  provided  with  a  thread  that  screws 
into  the  hub  of  the  yoke  member  by  which  the  rod  is  attached  to 
the  lever  that  rocks  the  cam.  Brakes  of  the  type  shown  sometimes 
employ  shoes  faced  with  Raybestos  or  similar  material  and  if  this 
wears  down  so  the  full  travel  of  the  cam  does  not  apply  the  brake 
properly  it  is  necessary  to  reface  the  brake  shoes.  Cast  iron  or 
bronze  shoes  must  be  replaced  with  new  members  when  worn  to 
a  point  where  adjustment  of  operating  lever  or  cam  is  futile. 

Q.     What  happens  if  brakes  are  adjusted  too  tightly? 

A.  If  the  band  of  an  external  brake  or  the  shoes  of  an  internal 
expanding  type  are  adjusted  so  that  they  bear  against  the  brake 
drum  at  times  when  there  is  no  pressure  at  the  foot  pedal  or  hand 
lever  they  will  bind  and  resist  rotation  of  the  drums  and  materially 
reduce  the  speed  and  power  of  the  car  because  of  the  friction  be- 
tween the  brake  drums  and  retarding  members. 
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Fig.  301.— Miscellaneons  Points  on   the   Motor   Car   Chassis   Where 
Depreciation  Will  Produce  Noisy  Operation. 

Q.    What  is  positive  indication  of  binding  brakes? 
A.    One  can  tell  if  the  brakes  are  binding  by  releasing  the  clutch 
and  attempting  to  coast  down  a  hill  without  using  any  of  the  engine 

power.  If  the  brakes  are  free  the  car  will  coast  without  difficulty 
and  make  good  speed.  If  the  brakes  are  binding  to  some  extent 
they  will  hold  the  car  back  and  reduce  the  speed.  After  a  run  where 
the  brakes  have  not  been  app  led  frequently  the  brake  drums  may 
be  examined  for  heat.  If  considerable  friction  has  been  present 
between  the  brake  members,  the  drums  will  be  so  hot  that  they  can- 
not be  touched  with  the  hand.  If  the  binding  b  not  remedied, 
the  friction  is  apt  to  become  great  enough  so  the  brake  linings  or 
facings  will  be  burnt  or  chaired  and  will  need  replacement. 
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Q.  What  effect  does  wear  in  radius  rod  or  torque  rod  an- 
chorage have? 

A  A  typical  radius  rod  is  shown  at  B,  Fig.  301.  If  wear  ex- 
ists at  the  yoke  at  the  front  end  where  it  is  attached  to  the  jack 
shaft  or  at  the  rear  end  where  it  is  fastened  to  the  axle,  there  will 
be  considerable  rattle  and  knocking  while  the  vehicle  is  in  operation. 
These  soimds  will  be  more  in  evidence  on  rough  roads  than  on 
smooth  highways  because  axle  movement  is  greater.  The  wear 
commonly  occurs  on  the  bear  ng  pins  in  the  radius  rod  end.  If 
the  portion  is  wh  ch  the  pin  seats  is  bushed  the  bushing  may  be  re- 
placed, though  if  the  boss  is  of  soUd  metal  it  must  be  drilled  out, 
forming  a  large  size  hole,  and  a  larger  p  n  fitted.  Most  radius  rods 
used  for  chain  adjustment  are  provided  w  th  some  form  of  turn- 
buckle  so  the  rod  may  be  lengthened  or  shortened  to  increase  or 
reduce  chain  tension. 

A  number  of  points  in  the  brake  actuating  mechanism  where 
depreciation  will  cause  rattle  are  shown  at  A,  Fig.  301.  If  the  brake 
shaft  bearings  wear,  they  must  also  be  carefully  refitted  if  any  great 
amount  of  wear  exists  at  those  points.  Another  point  to  be  looked 
after  carefully  are  the  spring  shackle  links  and  spring  shackle  bolts 
as  depicted  at  C,  Fig.  301.  If  these  members  get  dry,  there  will 
be  considerable  squeaking,  whereas  if  too  much  lost  motion  exists, 
the  bolts  are  apt  to  wear  through  quickly  or  crystallize  and  break 
because  of  the  continual  hammering  action  and  vibration  they  are 
subjected  to  when  loose.  Many  mysterious  rattles  and  squeaks 
while  a  car  is  in  operation  have  been  eliminated  by  proper  attention 
to  the  various  minor  components  comprising  the  brake  rod,  radius 
or  torque  member  anchorage  and  spring  shackle  assemblies. 


LESSON  THIRTY-FIVE 
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Q.     Describe  complete  outfit  for  care  and  repair  of  tires. 

A.  The  supplies  and  tools  necessary  for  tire  repair  depend 
entirely  upon  the  character  of  the  tires  the  vehicle  is  fitted  with 
and  whether  the  motorist  desires  to  make  temporary  or  permanent 
repairs  on  the  road.  An  important  accessory  that  is  usually  in- 
cluded in  the  outfit  of  all  cars  using  pneumatic  tires  is  shown  at  Ay 
Fig.  302.  This  a  double  acting  tire  pump  of  large  size  and  is 
intended  to  be  operated  by  hand.  For  temporary  repairs,  the 
complete  tire  outfit  depicted  at  B  will  take  care  of  almost  anything 
that  may  happen  from  a  simple  puncturef  to  a  blowout.  It  contains 
patches,  tire  tape,  tire  removing  and  applying  irons,  blowout  sleeve 
and  inner  liner,  emery  cloth,  fabric,  and  cement.  The  jack  illus- 
trated at  C  is  a  powerful  form  adapted  for  all  types  of  cars  and  is 
operated  by  the  detachable  handle  B^  which  may  also  be  used  as 
a  lever  or  pry  when  making  tire  repairs.  In  order  to  make  a  sure 
repair  when  patching  an  inner  tube,  many  motorists  carry  a  ''cold 
vulcanizing*'  outfit  in  which  the  cement  is  cured  by  acid  and  which 
will  make  a  much  more  secure  patch  than  the  plain  rubber  cement 
will.  On  some  heavy  cars,  capable  of  considerable  g'peed,  it  is  al- 
most impossible  to  make  the  average  cement  patch  hold,  and  a 
vulcanizing  set,  as  shown  at  E^  Fig.  302,  is  a  necessity. 

At  Fig.  303  a  number  of  tools  that  may  be  included  in  the  out- 
fit to  advantage,  provided  that  the  equipment  does  not  already 
include  a  repair  kit  of  the  type  shown  at  B,  Fig.  302,  are  outlined. 
The  pressure  gauge  is  a  useful  indicator  of  the  amount  of  pressure 
contained  in  the  tires  and  as  most  makers  recommend  a  definite 
amount  of  inflation  for  various  sizes  of  tires  it  is  well  to  have  a 
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Fig.    303. — Complete    Tire    Repair    Outfit,    Enabling    the    Motorist    to 
Cope  with  Any  Form  o£  Tire  Trouble. 

gauge  to  make  sure  that  they  are  blown  up  to  the  proper  point.  If 
a  casing  remains  on  the  rim  for  some  time  without  having  been  re- 
moved, it  is  apt  to  rust  or  become  so  tightly  wedged  in  place  that  it 
cannot  be  removed  by  the  ordinary  forms  of  tire  irons.  The  casing 
release  iron  illustrated  is  adapted  to  force  the  bead  of  a  heavy 
clincher  tire  out  of  the  rim  flanges  without  requiring  the  expendi- 
ture of  much  power.  The  four  tire  irons  are  supplied  to  remove  and 
apply  clincher  casings  and  are  useful  adjuncts  to  the  easing  release 
iron.  The  4  in  1  valve  tool  is  very  handy  when  it  is  needed  as 
sometimes  the  valve  may  be  damaged  when  removing  or  inserting  an 
inner  tube,  especially  if  the  valve  stem  is  carelessly  struck  with  the 
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tire  iron  to  remove  it.  If  the  threads  are  damaged  on  the  outside  of 
the  valve  stem  so  the  valve  cap  will  not  go  on,  the  threads  may  be 
recut  by  using  a  small  die  in  the  center  of  the  tool.  If  the  thread  is 
damaged  on  the  inside  of  the  valve  stem  it  may  be  cleared  out  by 
using  the  tap  projecting  from  one  end' of  the  die  and  serving  as  a 
handle  hy  which  it  may  be  turned.  The  other  projecting  arm  is 
a  key  to  unscrew  the  valve  inside,  while  the  short  projeetion  is  a 
face  reamer  or  cutter  for  removing  any  burr  that  will  prevent  the 
valve  cap  from  seating  securely  on  the  stem.  The  thermometer 
shown  is  the  standard  form  used  with  all  types  of  small  portable 
vuleanizera.  It  is  not  necessary,  unless  a  vulcanizer  is  carried  as 
part  o£  the  equipment. 
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Other  parts  that  may  be  carried  to  advantage  are  shown  at  Pig. 
304.  Many  motorists  find  that  attempting  to  patch  an  inner 
tube  on  the  road  consumes  too  much  time  so  spare  tubes  are  carried 
in  a  suitable  case  and  are  inserted  in  place  of  the  damaged  member 
without  any  more  delay  than  is  necessary  for  replacing  one  tube 
with  another.  The  injured  tubes  may  be  repaired  at  leisure,  and 
carried  as  a  spare  when  restored  to  the  proper  condition.  The 
valve  inside,  valve  cap,  and  valve  cap  washer  of  the  standard 
shrader  valve  are  also  shown.  It  is  well  to  always  have  at  least 
a  half  dozen  of  the  valve  insides  and  three  or  four  of  the  caps  and 
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Fig.  304.— Some  Extra  Parts  That  May  be  Carried  to  AdvanWge  for 
Repairing  Tires. 

rubber  washerB  in  the  repair  kit.  One  or  two  of  the  valve  stem 
-covers  which  protect  the  valve  stem  assembly  may  also  be  carried 
as  these  are  sometimes  jarred  off  by  vibration,  A  box  of  cement- 
leas  inner  tube  patches  are  also  useful  in  event  of  trouble  with  the 
cement  or  vulcanizing  solutions.  These  are  coated  with  a  special 
cement,  which  is  made  ready  for  action  by  covering  the  treated 
side  with  gasoline  before  it  is  attached  to  the  tire.  The  outside 
blowout  shoe  and  the  inside  blowout  patch  shown  are  also  useful 
in  cases  of  serious  damage  to  the  outer  casing. 

Q.     What  kind  of  tires  are  most  liable  to  give  trouble? 

A.     Pneumatic  or  air  filled  tires  are  more  apt  to  give  trouble 


FiiVing  Tire  Defects  549» 

than  solid  or  cushion  tires  but  at  the  other  hand  it  is  practically^ 
impossible  to  repair  either  solid  or  cushion  tires  on  the  road  because 
these  can  only  be  restored  to  efficiency  by  experts  familiar  with 
the  construction  and  compounds  used  in  making  them.  While 
the  pneumatic  tire  is  apt  to  give  some  trouble  repairs  may  be  made 
by  any  one  of  average  intelligence,  and  if  a  reasonably  complete 
repair  outfit  is  carried,  the  ordinary  run  of  tire  defects  is  not  apt 
to  cause  any  serious  delay  or  inconvenience. 

Q.     Name  principal  troubles  with  pneumatic  tires. 

A.  Pneumatic  tire  troubles  may  be  produced  from  two  causes; 
wear  or  weakening  of  the  outer  casing  and  various  inner  tube  de- 
fects w^hich  will  permit  the  air  to  escape.  While  the  tire  is  in  use 
it  is  subjected  to  considerable  wear  on  account  of  the  abrading 
action  of  the  road  surface  and  the  casing  tread  may  depreciate 
without  affecting  the  inner  tube,  though  any  object  that  penetrates 
the  casing  is  apt  to  go  through  the  air  tube  as  well.  The  most 
serious  trouble  is  puncture  or  blowout  which  permits  the  air  to  es- 
cape, and  which  makes  changing  the  defective  tube  imperative 
before  the  journey  can  be  continued. 

Q.  What  are  the  troubles  incidental  to  solid  rubber  or 
cushion  tires? 

A.  Solid  rubber  or  cushion  tires  may  be  punctured  or  cut  with- 
out causing  any  immediate  trouble  though  all  incisions  and  abra- 
sions weaken  the  structure.  A  tire  of  either  of  these  forms  may  be 
cut  enough  so  that  it  is  apt  to  come  off  at  the  rim,  but  as  a  rule  the 
greatest  trouble  is  depreciation  due  to  natural  wear. 

Q.     What  are  causes  of  punctures? 

A.  Any  sharp  objects  in  the  roadway,  such  as  nails,  broken 
glass,  sharp  stones,  or  any  matter  of  that  nature,  are  apt  to  ga 
through  the  casing  and  inner  tube  as  the  wheel  rolls  over  them. 
This  makes  a  hole  and  relieves  the  air  pressure  so  the  tire  becomes, 
deflated  in  which  condition  it  is  not  suitable  for  use.  Punctures  are 
more  apt  to  occur  in  cities  than  on  country  roads,  and  are  more  apt 
to  result  after  tires  have  been  used  for  a  time  and  the  rubber  softens- 
and  fabric  weakens  than  when  tires  are  new.     If  a  vehicle  is  used 
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continuously  on  oiled  roads  this  substance  will  produce  deprecia- 
tion and  softening  of  the  rubber  composing  the  tread.  If  tires  are 
run  soft,  they  are  more  liable  to  be  punctured  than  are  properly  in- 
flated casings. 

Q.  What  is  the  difference  between  a  puncture  and  a  "blow- 
out"? 

A.  A  puncture  usually  comes  from  outside  whereas  a  blowout 
is  often  due  to  defects  in  the  tire  itself. 

Q.    What  are  causes  of  **blowout"? 

A.  A  blowout  generally  results  when  the  fabric  at  some  point 
in  the  casing  becomes  too  weak  to  resist  the  air  pressure  contained 
in  the  inner  tube.  If  a  cut  is  neglected  in  an  outer  casing,  water 
is  apt  to  work  in  between  the  plies  of  fabric  comprising  the  carcass 
of  the  shoes  and  as  this  rots  the  textile  material  which  is  depended 
on  to  give  the  casing  its  strength,  the  inner  tube  will  blow  through 
when  the  fabric  can  no  longer  resist  the  air  pressure.  Sometimes 
a  sharp  stone  may  cut  through  the  casing  tread  and  two  or  three 
layers  of  the  fabric,  and  it  is  not  long  before  the  rest  of  the  fabric 
deteriorates  at  the  weak  portion.  Blowouts  may  occur  in  the 
tread,  in  the  side  wall  or  at  the  rim  channels,  whereas  punctures 
generally  occur  on  the  tire  tread. 

Q.    What  is  the  best  method  of  repairing  punctures? 

A.  The  best  method  of  making  a  permanent  repair  of  a  punc- 
tured inner  tube  is  to  use  a  vulcanized  patch,  though  temporary  re- 
pairs may  be  made  by  using  rubber  cement.  Vulcanizing  may  be 
done  by  either  hot  or  cold  process. 

Q.    What  is  hot  vulcanizing  process? 

A.  The  hot  vulcanizing  process  consists  of  repairing  the  cut 
with  raw  rubber  which  is  vulcanized  or  joined  to  the  tube  by  the 
application  of  heat.  Vuleanizers  are  simple  devices  that  may 
derive  their  heat  from  a  naked  gasoline  or  alcohol  flame  or  by 
resistance  coils  thro-jgh  which  an  electric  current  is  passed.  A  hot 
vulcanizer  is  shown  in  o])eration  at  Fig.  305.  It  consists  of  a  cast 
iron  or  aluminum  body  portion  filled  with  water  and  having  a  cen- 
tral aperture  in  wLich  the  flame  of  the  lamp  suspended  beneath  the 
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device  may  be  used  to  change  the  water  to  steam.  Other  forms 
eonsist  merely  of  a  easting  heated  directly  by  the  flame  instead  of 
by  the  hot  water  or  steam.  The  body  portion  of  the  vuleanizer 
is  provided  with  lugs  by  which  it  may  be  fastened  to  the  casing  or 
held  against  the  tube  as  shown. 

Sometimes  the  vuleanizer  is  a  combination  form  having  curved 
and  flat  faces  as  shown  at  A,  Pig.  306.  In  this  case,  the  device  is 
adapted  to  work  on  outer  casings  and  inner  tubes  simultaneously. 
A  simple  form  of  vuleanizer  suited  for  repairing  inner  tubes  is 
shown  at  B,  Fig.  306.  These  are  inexpensive  and  easily  used.  The  de- 
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f  two  iron  eastings  adapted  to  clamp  the  tube  between 
them,  one  of  the  eastings  carrying  studs  and  thumb  screws  so  the 
other  member  may  be  clamped  tightly  against  the  inner  tube.  To 
vulcanize  a  patch,  the  tube  is  clamped  in  place  between  the  two 
castings,  the  pronged  member  uppermost.  A  piece  of  specially  pre- 
pared rubber  adapted  to  be  vulcanized  is  placed  over  the  puncture. 
A  measured  quantity  of  gasoline  is  poured  in  the  receptacle  forming 
part  of  the  upper  casting  and  is  ignited.  The  flame  of  the  burning 
g^oline  surrounds  the  conical  projections  which  conduct  the  heat 
to  the  bottom  of  the  plate  and  against  the  patch.     The  plate  is 
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prevented  from  becoming  too  hot  by  using  a  previously  determined 
quantity  of  gasoline  in  the  cup  which  generates  just  enough  heat 
to  complete  vulcanization  without  any  possibility  of  burning  the 
tube.  These  simple  vulcanizers  are  generally  sold  complete  with 
a  measure  to  show  the  amount  of  gasoline  necessary,  small  scissors, 
emery  cloth,  cement  and  specially  prepared   rubber  for  patches. 

Q.     What  is  "cold  vulcanizing"  process? 

A.  The  "cold  vulcanizing"  process  requires  the  use  of  a  special 
cement  and  curing  acid  though  it  may  be  used  with  the  regular  cured 
patches  furnished  for  cementing.  The  cement  is  applied  to  the 
patch  and  tube  and  is  then  covered  over  with  the  acid  after  which 
the  patch  is  pressed  firmly  in  place  immediately  and  held  there  by 
some  clamping  means  or  a  weight  until  the  process  is  complete(il, 

Q.  Describe  method  of  repairing  a  puncture  with  a  cemented 
patch. 

A.  The  first  thing  to  do  is  to  locate  the  hole  through  which  the 
air  is  escaping.  If  it  has  been  caused  by  a  nail  or  other  large  object 
it  may  be  easily  found  by  examining  the  tube,  but  in  some  cases 
it  may  be  a  very  small  puncture  that  cannot  be  discovered  readily. 
After  removing  the  inner  tube  blow  it  up  until  it  is  distended  to 
its  normal  size.  Do  not  put  enough  air  in  the  tube  to  stretch  it 
as  if  the  pressure  is  too  high  it  may  enlarge  the  hole.  If  a  bucket 
or  trough  of  water  is  at  hand  immerse  the  tube  in  the  water  a  little 
at  a  time,  at  the  same  time  slightly  stretching  the  tube.  If  this  is 
done  carefully  air  bubbles  will  be  seen  rising  from  the  leak  no  matter 
how  minute  it  is  when  the  injured  portion  of  the  tube  is  under  water. 
If  \t  is  impossible  to  get  enough  water  to  immerse  the  tube,  dampen 
the  hand  and  pass  it  along  the  tube  surface.  The  wet  hand  is  very 
sensitive  to  even  the  slightest  air  current  and  the  leak  can  be  found 
very  readily  in  this  manner.  Another  way  to  locate  a  leak  is  to 
blow  the  tube  up  and  then  pass  it  close  to  the  ear,  revolving  it  slowly 
so  that  all  parts  of  the  tube  are  passed  before  it.  The  leak  will 
be  evidenced  by  a  hissing  noise  which  is  in  proportion  to  the  size 
of  the  leak.  A  good  way  of  marking  the  leak  positively  is  by  means 
of  an  indelible  pencil  which  will  leave  a  mark  on  the  rubber  when 
moistened  that  will  not  come  off. 
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A  piece  of  sand  paper  or  emery  cloth  is  usually  provided  in  a  re- 
pair kit  and  with  this  all  of  the  gray  deposit  from  the  rubber  should 
be  cleared  from  an  area  around  the  puncture  somewhat  larger  than 
the  patch  to  be  fitted.  This  talc  and  powdered  rubber  may  also 
be  washed  off  with  gasoline  or  scraped  off  with  the  blade  of  a  jack- 
knife  if  the  sand  paper  is  not  available.  It  will  be  well  to  treat  the 
surface  of  the  patch  in  the  same  manner  and  to  roughen  up  the 
clean  surfaces  of  both  tube  and  patch  with  sand  paper  or  a  wire 
scratch  brush.  A  light  coat  of  cement  is  then  applied  to  both  patch 
and  inner  tube  and  is  allowed  to  dry  for  five  or  six  minutes.  Then 
the  operation  is  repeated  and  more  cement  is  spread  over  the  sur- 
face. This  is  also  allowed  to  dry,  and  when  the  surface  is  sticky 
the  patch  is  pressed  firmly  in  place  and  held  in  position  by  a  clamp 
or  some  other  means  that  will  produce  pressure.  The  patch  should 
be  allowed  to  set  for  ten  or  fifteen  minutes  before  replacing  the  tube. 
Powder  the  patch  and  tube  freely  with  soap  stone  or  talc  to  prevent 
the  tube  sticking  to  the  casing. 

It  is  well  to  examine  the  casing  before  replacing  the  tube  to  be 
sure  that  the  cause  of  the  puncture  is  removed.  This  may  be  done 
by  examining  the  exterior  of  the  casing  and  by  passing  the  hand 
around  on  the  inside.  The  puncturing  object  often  becomes  im- 
bedded in  the  rubber  and  while  it  is  not  visible  from  the  outside 
it  may  stjck  through  the  casing  and  protrude  on  the  under  side. 
Temporary  repairs  to  the  casing  should  be  made  from  the  inside. 
A  piece  of  fabric  three  or  four  times  the  width  of  the  hole  and  long 
enough  to  reach  from  edge  to  edge  of  the  casing  should  be  cemented 
in  place.  This  is  done  by  cleaning  the  lining  of  the  casing  and  ap- 
plying two  coats  of  cement,  while  the  prepared  fabric  which  is 
already  coated  with  rubber  should  be  wet  with  a  little  gasoline 
before  it  is  pressed  in  place  in  the  inside  of  the  shoe. 

Q.  What  is  the  best  temporary  method  of  repairing  "blow- 
outs" in  casings? 

A.  A  good  temporary  repair  of  a  burst  casing  can  be  made  by 
using  an  inside  and  outside  blowout  patch  as  shown  at  C,  Fig.  306. 
A  new  inner  tube  should  never  be  inserted  in  a  burst  casing  without 
first  taking  some  precautions  to  close  the  hole  or  rent  both  from 
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inside  and  outside  or  the  tube  will  blow  through  at  the  weakened 
spot  of  the  shoe  before  it  has  been  in  use  for  any  length  of  time. 
The  inner  patch  is  composed  of  several  layers  of  frictioned  fabric 
(fabric  impregnated  with  rubber  compound)  and  the  larger  sizes 
are  provided  with  hooks  which  engage  the  rim  if  a  clincher  type  is 
used.  It  is  from  six  to  eight  inches  long  for  small  tires  and  ten  to 
twelve  inches  long  for  the  larger  sizes.  The  strength  of  fabric  used 
also  varies  with  the  size  of  the  tire  the  patch  is  made  for.  This  is 
placed  in  the  casing  in  such  a  way  that  the  rent  comes  at  a  point 
approximately  \i  the  center  before  the  inner  tube  is  inserted. 
After  the  casing  is  replaced  and  inner  tube  partially  inflated,  the 
outer  shoe  or  patch,  usually  of  leather  or  fabric  and  rubber  com- 
pound is  laced  tightly  in  place  around  tire  and  wheel  rim  and  then 
inflation  of  the  tire  is  completed.  A.  repair  made  in  this  manner  is 
reliable  enough  so  the  tire  remains  in  service  for  some  time  without 
attention  though  the  temporary  patches  should  be  replaced  by  a 
permanent  repair  at  the  earliest  oppcrtimity. 

Q.     How  are  "blowouts"  repaired  permanently? 

A.  To  repair  a  badly  cut  or  rent  outer  casing  it  is  usually  nec- 
essary to  rebuild  the  casing  at  the  injured  part.  The  injured  fabric 
is  cut  out  and  replaced  with  new,  and  new  tread  rubber  is  also  ap- 
plied to  the  outside  of  the  casing.  The  layers  of  fabric  and  rubber 
are  well  cemented  with  special  material  adapted  for  curing  and  are 
thoroughly  vulcanized  together  and  amalgamated  with  the  remain- 
der of  the  shoe.  In  cutting  out  the  old  fabric,  the  first  inside  layer 
is  cut  out  at  least  six  inches  each  side  of  the  blowout.  The  next 
layer  is  stripped  ofif  for  five  inches  each  side  of  rent,  then  two  or 
three  of  the  sinceeding  layers  are  taken  off  for  the  same  distance 
say  four  inches  each  side  of  the  injury.  In  replacing  the  layers 
with  new  fabric,  it  is  cut  to  fit  the  steps  left  when  the  injured  mate- 
rial has  been  removed.  Building  up  in  this  manner  makes  a  much 
stronger  repair  than  just  replacing  the  injured  material  would  be- 
cause each  layer  applied  reinforces  the  others  beneath  it  and  when 
the  last  ply  is  in  place  and  all  firmly  joined  together  by  the  curing 
process  the  shoe  is  practically  as  good  as  a  new  one. 

Q.     What  causes  rim  cutting? 
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A.  Rim  cutting  is  usually  caused  by  running  the  tire  flat  or  not 
inflated  sufficiently.  It  is  sometimes  due  to  rusty  or  rough  rim 
edges  or  to  poorly  fitting  rims  or  improperly  designed  beads  on 
the  tire  casing. 

Q.  What  causes  stone  bruises,  and  to  what  are  sand  blisters 
attributed? 

A.  If  a  tire,  even  when  well  inflated,  strikes  a  sharp  stone  at 
high  speed  this  is  apt  to  tear  off  a  portion  of  the  tread  and  often 
injures  several  plies  of  the  fabric.  This  is  called  a  stone  bruise  and 
weakens  the  shoe  to  some  extent,  depending  upon  the  amount  of 
material  removed  from  the  casing  or  the  depth  of  penetration 
and  its  location.  The  shoe  is  weakened  much  more  if  the  tread  is 
damaged  than  if  the  side  wall  is  scraped.  If  a  stone  bruise  or  other 
cut  penetrating  the  tread  is  neglected,  sand  or  road  gravel  is  apt 
to  work  into  the  tire  as  it  revolves  and  this  material  soon  accumu- 
lates between  the  tread  and  fabric  or  between  the  layers  of  fabric 
until  it  forms  a  protuberance  of  some  size.  This  is  called  a  sand 
blister.  The  action  of  this  compacted  material  is  to  break  down 
the  layers  of  fabric  between  it  and  the  tube  and  the  casing  inevit- 
ably blows  out  if  the  defective  conditfon  is  not  remedied. 

Q.     What  can  be  done  when  treads  wear? 

A.  If  the  tread  portion  of  the  casing  wears  from  abrasion  with 
the  road  and  the  fabric  carcass  is  in  good  condition  and  free  from 
weak  spots  it  will  be  found  economical  to  retread  the  casing.  This 
is  done  by  stripping  off  all  the  old  tread  and  several  of  the  worn 
layers  of  fabric,  rebuilding  the  tire  with  new  material  and  curing 
the  whole  by  vulcanizing  in  a  mold  or  by  a  wrapped  tread  process 
around  an  iron  core. 

Q.  How  can  weakened  casings  be  strengthened  to  obtain 
more  service? 

A.  Weakened  casings  can  be  used  for  some  time  by  the  inser- 
tion of  a  reliner  of  fabric  which  strengthens  it  and  presents  a  solid, 
unbroken  surface  for  the  inner  tube  to  bear  against.  An  outer 
casing  or  leather  protector  may  also  be  employed. 
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Q,  Why  should  cuts  in  casings  receive  immediate  attention, 
and  how  can  they  be  filled  up? 

A.,  Cuts  in  casings  allow  water  to  enter  and  rot  the  fabric  even 
if  they  are  not  sufficiently  large  to  weaken  the  shoe  appreciably. 
They  may  be  easily  filled  up  by  using  the  special  repair  pliers  shown 
at  Fig.  307  to  spread  out  the  rubber  and  open  the  cut  sufficiently 
to  clean  it  out  with  gasoline  and  insert  special  cement  and  repair 
gum.  When  the  pliers  are  withdrawn,  the  rubber  closes  around  the 
.  repair  material  and  when  the  gum  hardens  it  fills  the  hole  thoroughly. 


Q.  What  precaution  should  be  taken  in  removing  or  re- 
placing inner  tube? 

A.  When  removing  or  replacing  mner  tubes  from  casings,  espec- 
ially those  of  the  clincher  type,  it  is  necessary  to  use  the  tire  irons 
or  levers  employed  to  pry  out  the  casing  bead  from  the  rim  channel 
very  carefully  or  the  tube  is  apt  to  be  pinched  and  perhaps  badly 
cut.  The  correct  use  of  the  iron  in  detaching  the  casing  is  clearly 
shown  at  Fig.  308  A  and  B  while  the  maimer  in  which  the  tire  iron 
or  the  casing  bead  may  pinch  the  tube  and  cause  rupture  is  depicted 
at  Fig.  308  C  and  D.  In  replacing  a  tube,  it  is  always  well  to  in- 
flate it  enough  to  round  it  out  before  the  last  bead  is  inserted.  In 
removing  a  casing  from  a  rim  always  start  at  a  point  opposite  th'' 
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Fig.  303. — Proper  Methods  of  Handling  Tire  Irons  in  Hemoving  and 
Replacing  Outer  Casings  at  A  and  B.  How  Inner  Tube  May  be 
Pinched  if  Carelessly  Pitted  at  C  and  D. 


inflation  valve  while  the  valve  stem  is  always  the  first  thing  to  in- 
sert in  the  wheel  when  replacing  a  tube  and  those  portions  of  the 
casing  adjacent  the  valve  should  always  be  replaced  first. 
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Q.    How  can  rusted  on  casings  be  removed? 

A.  Casings  or  locking  rings  that  have  become  rusted  to  the  rim 
may  be  easily  loosened  by  using  the  special  tools  made  for  the  pur- 
pose outlined  at  A  and  B,  Fig.  309..  The  former  is  employed  to 
loosen  a  sticking  lock  ring,  the  latter  enables  the  motorist  to  exert 
great  pressure  against  a  wedged  bead  without  expenditure  of  much 
efifort.  The  tool  shown  at  A,  Fig.  310,  is  similar  in  action  except 
that  the  power  is  multiplied  by  a  toggle  leverage  rather  than  a  rack 
and  pinion  gear.  The  devices  shown  at  Fig.  309  C  and  D  are  to 
assist  in  replacing  stiff  clincher  casings  as  they  serve  to  hold  the 
shoe  in  place  on  the  rim  while  the  operator  is  prying  on  other  parts 
with  the  levers. 

Q.     What  happens  if  pneumatic  tire  is  run  flat? 

A.  The  tire  will  be  destroyed  if  run  for  any  length  of  time 
without  air  because  the  casing  will  be  rim-cut  and  otherwise  bruised, 
the  layers  of  fabrics  are  apt  to  become  separated  and  the  tube  will 
be  so  badly  cut  that  it  cannot  be  repaired. 

Q.     What  indicates  a  flat  tire  in  front?    In  the  rear? 

A.  When  one  of  the  front  tires  is  flat,  in  addition  to  the  bumping 
always  present  when  a  tire  is  deflated  there  will  be  some  difficulty 
in  steering.  If  a  rear  tire  is  too  soft,  there  will  be  more  bumping 
than  with  a  flat  front  tire  and  the  car  will  lose  speed. 

Q.  What  can  be  done  to  save  the  shoe  if  tire  is  flat  and  it  is 
not  possible  to  repair  it? 

A.  If  one  can  get  some  old  rope,  the  tire  may  be  removed  from 
the  rim  and  the  rope  wound  around  imtil  it  has  sufficient  thickness 
to  keep  the  rim  from  contact  with  the  road.  If  no  rope  is  available, 
the  casing  may  be  filled  with  hay,  straw,  old  cloths  or  bagging  or 
similar  material  which  will  afford  partial  support  and  often  enable 
one  to  cover  several  miles  at  low  speed  before  the  filling  will  need 
renewal.  When  a  casing  is  filled,  it  should  be  well  tied  or  strapped 
on  the  rim  at  several  points  because  the  filling  will  not  hold  it  in 
place  as  will  an  air  filled  inner  tube. 

Q.  What  troubles  may  occur  in  valve,  and  how  may  leakage 
be  easily  detected? 

A.     The  chief  valve  trouble  is  leakage  due  to  a  particle  of  dirt 
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under  valve  seat  or  depreciation  of  the  small  rubber  member  de- 
signed to  close  the  valve  stem  bore.  Sometimes  the  valve  insides 
are  not  screwed  in  tightly  enough  or  the  small  spring  or  inner  stem 
may  become  rusted  together  and  thus  keep  the  valve  from  seating  as 
it  should.  A  leaky  valve  may  be  easily  detected  by  placing  it  at 
the  top  of  the  wheel  so  it  points  down  and  allowing  the  end. to  stick 
below  the  siu-face  of  a  glass  of  water.  Any  JefttesKiH'-beit^hoiwn  by 
air  bubbles.  The  cheapest  method  of.rxepaariiigdSifeaikMt>yialvi«^^  to 
replace  the  entire  inside  mechanism  wfcioJi  ^c^Tbutaaifew  ijents. 

Q.  Describe  method  of  removing  anfd  i^i&Jsia'Hftg  ftiitlel'  tube  in 
outer  casing  of  the  clincher  type.  —  -   - 

A.  The  first  step  is  to  take  off  the  valve  stem  lock  washer  and 
nut  that  holds  it  agaiitettbe  wheel  felloe  and  then  loosen  any  tire 
lugs  or  security  bolts  that  may  b^  used.  The  valY%i|lside  is  then 
removed  .so  any  air  contained  in  the  tube  may  esca|?e.  'The  outer 
bead  of  the  casing  is  then  pried  out  of  the  channel  in  tjae  rim  with 
the  tire  levers,  beginning  «t  a  point  opposite  the  valyel  Either  the 
strap  or  the  simple  lever  shot^  at  Fig.  SGO'^will  be  found  as  useful 
in  keeping  the  tire  bead  out  df.the  rim  as  they  are  in  keieping  it  in 
when  ^applying  the  shoe:*V4f^*Mil^^  shoe  has  been  ir<eed  from  the 
rim  at  one  sfde  the  inner  iube May  be  pulled  out  and  if  this  is  the 
only  memb^t  that  needs  attention  it  is  riot  necQ^sary  to  remove 
the  remaincier  of  the  casing  Irpm  the  wheel.  If  it  is  necessary  to 
repair  or  replace  the  casing,  :it  may  be  taken  from  the  rim  by  insert- 
ing the  tire  irons  from  the  inside  of  the  wheel  and  prying  the  inner 
bead  over  the  outer  rim  channel  until  about  half  of  the. casing  is 
free  from  the  rim.  It  will  be  found  easy  to  pull  the  remainder  of 
the  shoe  from  the  wheel  without  any  tools.  The  shoe  of  a  quick 
detachable  fim  comes  off  very  easily  after  the  locking  ring  is  removed 
aa  when  deflated  it  may  be  slipped  ofif  the  rim  complete  with  inner 
tube  and  may  be  replaced  in  the  same  manner. 

Q.     What  are  tire  protectors,  and  how  are  they  made? 

A.  Tire  protectors  are  of  two  forms,  those  intended  for  appli- 
cation to  the  interior  of  the  casing  and  other  forms  constructed  for 
application  to  the  outside  of  the  shoe.  The  form  at*  C,  Fig.  310, 
is  an  inner  liner  composed  of  a  number  of  layers  of  fabric  vulcan- 
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ized  or  cemented  together  as  in  tire  construction  and  is  intended 
to  reinforce  a  weak  shoe,  such  as  one  havir^  a  number  of  stone 
bruises  or  other  weakness  of  the  carcass  but  still  possessing  a  ser- 
viceable tread. 

The  protector  depicted  at  D,  Fig.  310,  ia  usually  made  of  chrome 
tanned  leather  and  is  designed  to  completely  cover  the  shoe.  These 
leather  treads  are  provided  with  hooks  for  attaching  to  the  rim 
channel  or  with  straps  for  securing  to  the  wheel  by  strapping  under 
the  felloe.  They  are  also  studded  with  steel  rivets  designed  to  take 
all  of  the  wear  from  the  leather  on  rough  or  stony  roads  and  also 


Fig.  310. — Outlining  the  Two  Msin  Forms  of  Tire  Protectors, 
to  provide  some  degree  of  protection  from  skidding  because  of  the 
superior  traction  over  smooth  treads  on  soft  roads.  A  casing  that 
had  seen  considerable  service  could  be  kept  in  commission  for  some 
time  if  provided  with  an  inner  liner  and  outer  protector  though  it 
is  possible  that  the  combined  cost  of  these  would  equal  that  of  a 
new  shoe.  A  disadvantage  of  inner  liners  or  outer  protectors  when 
applied  to  new  casings  is  that  they  reduce  the  flexibility  and  resi- 
liency of  the  tire  and  also  that  they  are  apt  to  generate  considerable 
heat  on  high  speed  cars.     These  accessories  are  useful  if  properly 
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applied  and  the  steel  studded  outer  protector  is  especially  valuable 
if  a  trip  is  contemplated  through  sections  where  the  highways  are 
rocky. 

Q.  Name  some  simple  rules  relating  to  the  care  of  tires  in 
general. 

A.  The  following  paragraphs  are  included  in  the  instruction 
book  of  a  prominent  tire  manufacturer  and  as  they  are  based  on 
a  wide  experience  and  may  be  easily  committed  to  memory  by 
those  who  wish  to  reduce  their  tire  cost,  they  are  reproduced  in  full. 

Keep  the  floor  of  the  garage  free  from  oil.  Oil  softens  the  rubber 
and  causes  it  to  disintegrate,  ruining  the  tire  in  a  short  time.  Also 
see  that  all  inner  tubes  in  the  car  are  kept  free  from  grease  and 
oil  and  out  of  contact  of  metal  tools. 

When  the  tire  becomes  worn  more  on  one  side  than  the  other 
from  rutty  roads,  reverse  it.  It  will  last  longer.  It  is  a  good  plan 
to  change  the  front  and  rear  tires,  if  they  are  of  the  same  size,  when 
they  begin  to  show  wear.     The  rear  tires  always  wear  out  first. 

A  sprung  axle  will  cause  a  tire  to  wear  out  in  a  hurry  as  will 
poorly  lined  up  front  wheels.  Always  jack  up  the  car  when  it 
is  to  be  left  standing  for  any  length  of  time.  Keep  all  the  strains 
off  the  tires  that  you  possibly  can  at  all  times. 

Care  should  be  used  in  ''braking''  your  car  and  in  rounding 
comers.  The  owner  who  does  not  subject  his  tires  to  any  unusual 
strains  and  keeps  them  pumped  up  properly  will  have  but  little 
trouble. 

A  very  important  point  often  overlooked  by  wheel  builders  is 
to  paint  the  outside  surface  of  the  rims  or  part  upon  which  the  tire 
rests.  If  this  has  been  omitted,  steps  should  be  taken  at  once 
to  have  them  painted,  as  rusty  rims  quickly  destroy  tires. 

Always  negotiate  car  tracks  carefully,  taking  care  not  to  hit  a 
sharp  frog  or  switch  member  which  is  apt  to  cut  a  tire  badly.  Never 
run  on  car  tracks  because  these  may  have  worn  to  a  sharp  or  rough 
edge  that  will  soon  cut  the  rubber.  In  starting,  always  engage  the 
clutch  lever  gently  to  avoid  unnecessary  slipping  of  the  rear  wheels 
and  when  turning  corners  always  disengage  the  clutch  and  allow 
the  car  to  coast  around.     This  will  save  the  differential  gear  as 
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well  as  the  tires.  Do  not  bring  a,  car  to  a  stop  so  near  a  curb  that 
the  tires  can  scrape  against  the  rough  stone  in  stopping  or  in  start- 
ing off  again. 

If  the  car  is  not  used  during  the  winter,  it  is  better  to  remove 
the  tires  from  the  rims,  keeping  casings  and  tubes  away  from  the 
light — the  temperature  of  the  room  to  be  about  50  degrees.  It 
will  be  better  to  slightly  inflate  the  tubes,  as  that  keeps  them  very 
nearly  in  the  position  in  which  they  will  be  used  later  on.  Before 
the  tires  are  put  back,  the  rims  should  be  thoroughly  cleaned,  and 
any  rust  carefully  removed;  a  coat  of  shellac  is  also  advised. 

Occasionally  a  tire  will  apparently  puncture  without  good  reason. 
In  such  cases,  examine  the  rim  and  it  will  probably  be  found  that  a 
bolt  head  protrudes  above  the  rim  surface  and  has  finally  worn 
through  the  tube.  The  obstruction  should  be  buffed  or  filed  off 
until  the  bolt  lies  flush  with  the  rim  bed. 

If  the  trouble  is  caused  by  a  bolt  being  driven  too  far  into  the 
rim,  leaving  a  depression  sufficiently  sharp  and  deep  to  damage 
the  tube,  this  should  be  filled  in.  A  compound  of  pumice  stone 
and  coach  varnish  mixed  to  the  consistency  of  putty  will  do  the 
work  nicely.  Just  fill  the  hole  and  leave  the  filling  material  to  dry 
for  an  hour  or  so,  and  it  will  become  hard. 
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Q.     What  does  the  regular  equipment  of  motor  cars  include? 

A.  Most  automobiles  marketed  at  the  present  time  are  equipped 
as  shown  at  Fig.  311,  the  accessories  furnished  by  the  makers  in- 
cluding complete  lighting  outfit  comprising  two  head  lights,  two 
side  lights  and  a  tail  lamp;  a  windshield,  speedometer  (not  illus- 
trated) a  top  cover,  and  side  curtains;  some  form  of  alarm  signaJ 
and  a  tool  outfit  for  tire  restoration  and  mechanical  repairs. 

Q.     What  items  of  equipment  are  absolutely  necessary? 

A.  The  lights  as  well  as  the  alarm  signal  are  furnished  to  meet 
the  laws  of  most  states  which  say  that  an  automobile  must  be 
equipped  with  adequate  Ughting  equipment  and  alarm  signal. 
The  tool  outfit  for  tire  and  mechanical  repairs  is  also  important. 
The  windshield,  top  and  speedometer  are  practically  necessities 
but  they  make  for  added  comfort  of  operation  rather  than  conduc- 
ing to  safety  or  complying  with  the  law. 

Q.     Describe  the  common  method  of  lighting  automobiles. 

A.  The  conventional  method  of  lighting*  automobiles  is  by  gas 
and  kerosene  lamps  as  outlined  at  Fig.  312.  .With  a  system  of  this 
kind,  which  is  furnished  on  most  low  and  moderate  priced  cars, 
the  powerful  searchlights  are  designed  to  burn  gas  while  the  side 
and  tail  lamps  burn  oil.  The  acetylene  is  sometimes  produced  by 
the  generator  shown  at  A  where  calcium  carbide  is  acted  upon  by 
water  to  generate  the  gas,  but'  more  often  a  Prest-0-Lite  tank  as 
depicted  at  B  containing  gas  stored  under  pressure  is  used.  The 
tail  light  is  shown  at  C,  the  oil  burning  side  lamp  at  D  and  the  search^ 
•light  generally  employed  is  of  the  forni  shown  at  E,  ' 

Q.  Outline  advantages  of  electric  lighting,  and  name  the 
two  systems  in  common  use? 

A.     Electric  lighting  systems  are  now  furnished  on  practically 
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all  high  grade  cars  because  they  possess  important  advantages  of 
cleanliness  and  reliability  not  present  in  gas  or  oil  lamps.  Elec- 
tric searchlights  are  very  powerful  and  use  but  little  electric  current 
on  account  of  the  efficient  tungsten  filament  lamps  used.  The  lamps 
are  easily  lighted  from  the  seat  by  pushing  a  switch,  whereas  the 
oil  and  gas  lamps  must  be  lighted  with  matches,  often  a  difficult 
proposition  on  a  windy  day  and  always  a  disagreeable  task  because 
it  is  necessary  to  step  in  the  road  and  walk  around  the  car  to  tight 
each  lamp  in  turn.  Some  users  of  stored  gas  have  electric  gas 
lighters  installed  but  as  this  involves  the  use  of  a  pressure  regulator 
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at  the  gas  taak  and  a  complete  ignition  system  composed  of  an 
induction  coil,  battery,  push  button  and  wiring  besides  the  special 
ignition  members  attached  to  the  lamp  burners  it  is  of  doubtful 
advantage  over  the  electric  hghting  method. 

Electric  lighting  systems  may  be  of  two  types,  that  in  which 
the  current  is  supplied  from  one  source,  which  may  be  either  a  mech- 
anical generator '  such  as  a  dynanao  or  magneto  or  a  chemical  cur- 
rent producer  such  a»  ^tor^^jge  battery;  and  the  combination  form 
m  which  the  cuiri^nt  is'obj^^med  normally  from  a  battery,  which  how- 
ever .is  kept  fully:  charged  by  a  dynaikp.  The  lighting  system 
outlined  at  Fig.^§i^^«^ypical  group  comjj^sed  of  five  lamps  all 
of  which  are^roviaeqv^ith  electric  bulbs,  though  the  system  illus- 
trated uses  cofnbiiaatioa^'side  and  tail  lamps  in*  which  oil  may  be 
burned  in  case  of  failure  df  tile  electric  lighting  system.  The  dy- 
namo  is  driven  by  the  engine  and  is  connected  electrically  with  the 
storage  battery  havitig  .an  automatic  cut-out  device  inserted  in 
circuit.  The  function  o£  tl;ie  , automatic  cutout  is  to  prevent  the 
battery  from  discharging  through  the  dynamo  if  the  engine  should 
stop.  A  switch  is  prpvided  so'^^ffcher  the  head  light,  side  lights  pt 
tail  lights  may  be  put  in  circuit  ind^^gendently  or  in  combination. 

In  order  to  show  the  utility  of  electric  current  and  the  many 
conveniences  made.. possible  by  its^'use  a  complete  wiring  system  of 
a  high  grade  car  is  shown  at  Fig.  .&14.  Here  the  electric  current 
derived  from  the  stora^e^  battery  is  not  only  used  for  the  usual  set 
of  five  lamps  but  it  is  employed  for  a^jiome  light,  call  buzzer,  speed- 
ometer light,  Klaxon  horn  actuation  and  for  smaller  lamps  illumin- 
ating  the  gasoline  and  oil  pressure  gp4iges  on  the  dash  and  the  license 
tag  at  the  rear.  -  .■    X 

The  method  of  electric  lighting  in  which  the  generator  is  employed 
to  charge  the  storage  battery  is  preferred  by  most  engineers  because 
it  insures  an  unfailing' and  steady  supply  of  current.  If  the  elec- 
tricity was  derived  soley  from  the  generator,  it  would  have  a  vary^ 
ing  value  for  different  engine  speeds  because  the  current  output 
of  a  dynamo  depends  on  the  speed  atwM'chthearmstture  is  rotating. 
If  the  engine  was  run  slowly  there  would  not  be  sufficient  light 
because  the  current  supplied  by  the  generator  would  be  weak; 
at  the  other  hand,  if  the  power  plant  was  operated  at  high  speed 


Motor  Car  Equipment 


■  ■■•  u 

■    -    Me 

si 

SI  *' 

.  ".  i 

Si  . 
V 
\  ' 

i  ■ 

-t,;, 

■ 

- ' 

i 

x 
Ji ... 

Is    ' 

•i 

is  ■ 

570 


Questions  and  Answers 


the  generator  might  produce  sufficient  current  to  bum  out  the  lamp 
filaments.  If  the  current  is  taken  from  a  storage  battery  alone, 
this  becomes  exhausted  in  a  short  time  and  needs  frequent  re- 
charging. By  combining  the  two  systems  of  current  production, 
the  dynamo  is  employed  to  keep  the  battery  properly  charged,  and 
as  the  storage  cells  are  always  at  full  capacity  it  delivers  a  steady 
current  of  the  proper  voltage  for  the  lamps. 

Q.  What  are  the  principal  types  of  automobile  warning 
signals? 

A.  Automobile  warning  signals  are  usually  in  the  form  of  a  horn 
or  whistle,  though  sirens,  electric  buzzers  and   mechanical    horns 
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Fig.  315. — Principal  Forms  of  Automobile  Warning  Signals. 

have  received  wide  application  of  late.  The  bulb  horn  shown 
at  A,  Fig.  315,  is  a  cheap  and  satisfactory  signal  for  city  use,  but  it 
is  not  powerful  enough  to  carry  the  sound  any  distance,  which  is 
necessary  when  touring.  The  operation  of  a  horn  of  this  character 
is  simple,  a  pressure  of  the  hand  on  the  rubber  bulb  serving  to  send 
a  draft  of  air  past  a  reed  located  in  the  horn  member. 

The  exhaust  whistle  shown  at  B  is  attached  to  the  exhaust  pipe 
by  some  form  of  valve  which  will  cause  the  gas  to  pass  through 
this  horn  instead  of  through  the  muffler  when  desired.  As  four 
whistles  of  varying  size  and  length  are  provided  the  device  will 
*!mit  a  pleasing  musical  tone  which  varies  in  intensity  according 
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to  the  velocity  of  the  exhaust  gas  which  in  turn  depends  upon  the 
speed  of  the  engine. 

The  form  of  electrical  horn  generally  used  is  shown  at  C  This 
is  operated  from  the  ignition  or  lighting  battery  current  which 
rotates  a  small  motor  that  acts  on  a  diaphragm  by  means  of 
a  cam  provided  with  a  large  number  of  points  so  the  diaphragm 
is  caused  to  vibrate  very  fast,  and  produces  a  discordant  shriek- 
ing note  that  can  be  heard  a  long  distance  away. 

The  bulb  horn  shown  at  D  has  four  independent  reeds  which  are 
brought  into  action  progressively  by  a  simple  pneumatic  shutter 
so  the  series  of  impulses  of  air  produced  by  squeezing  the  bulb  will 
cause  the  device  to  give  a  musical  warning  sound  like  a  bugle  call. 
The  electrically  operated  horn  will  throw  the  warning  note  farther 
ahead  than  any  of  the  others,  but  the  exhaust  whistle  is  superior 
to  the  bulb  horn.  The  types  of  warning  signals  that  have  been 
evolved  are  'legion,  but  those  shown  are  representative  and  practi- 
cal and  show  the  principal  forms. 

Q.    Why  are  speed  indicators  valuable? 

A.  Speedometers,  which  indicate  the  velocity  of  the  car  in  miles 
per  hour,  are  valuable  in  enabling  the  motorist  to  regulate  his  speed 
according  to  the  law.  As  most  of  these  devices  are  provided  with 
trip  and  season  odometers  which  indicate  the  distance  actually 
traveled  the  device  provides  a  useful  check  on  the  life  of  tires, 
gasoline  and  oil  consumption  and  general  service  the  car  is  capable 
of  giving  A  speedometer  is  also  useful  in  following  routes  given 
in  various  road  guide  books.  A  typical  speed  indicator  and  clock 
combination  is  shown  at  Fig.  316-A. 

Q.     What  value  have  tire  chains? 

A.  When  plain  tread  tires  are  used  it  is  necessary  to  provide 
some  means  by  which  greater  traction  or  adhesion  on  wet  or  slip- 
pery roads  may  be  obtained  than  would  be  the  case  if  only  the 
smooth  rubber  and  road  surface  came  in  contact.  The  simplest 
and  cheapest  method  of  obtaining  this  end  is  by  means  of  anti- 
skid chains,  as  shown  at  B^  Fig.  316.  These  not  only  insure  proper 
traction  on  unfavorable  highways  but  also  provide  positive  control 
when  the  brakes  are  applied  because  they  prevent  skidding. 
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Fig,  316, — Some  Useful  Accessories  for  Motor  Cars. 

Q.     What  is  the  wind  shield? 

A.  The  wind  shield  is  a  frame  of  metal  tubing  in  which  are 
placed  lights  of  plate  glass,  so  the  operator  and  passengers  may 
be  shielded  from  the  dust  or  cold  wind  without  interfering  with 
the  vision.  A  typical  wind  shield  is  shown  at  C,  Fig.  316.  The 
frame  may  also  be  made  of  wood  or  a  light  metal  frame  covered 
with  leather  and  having  celluloid  pieces  instead  of  glass  may  be  used. 

Q.     What  is  the  Stepney  emergency  rim? 

A.  The  Stepney  spare  wheel  is  a  rim  adapted  to  carry  a  fully 
inflated  tire  and  having  lugs  and  anchorage  members  by  which  it 
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may  be  (Juickly  attached  to  the  rim  of  a  wheel  having  a  flat 
tire  without  removing  the  defective  tire.  This  device  is  not 
widely  used  at  the  present  time  because  quick  detachable  and 
demountable  rims  have  been  developed  that  permit  one  to  make 
a  tire  change  in  but  very  few  minutes.  A  spare  rim  of  this  form 
with  tire  in  place  showing  the  attaching  lugs  is  depicted  at  Z>, 
Fig.  316. 

Q.     What  are  shock  absorbers,  and  how  do  they  work? 

A.  Shock  absorbers  are  devices  intended  to  prevent  harsh  action 
of  chassis  supporting  springs,  either  by  providing  some  retarding 
paeans  to  keep  the  spring  from  working  too  fast,  deflecting  too  much 
or  act  as  a  check  to  prevent  too  rapid  rebound  after  deflection. 
The  principal  forms  of  shock  absorbers  are  outlined  at  Fig.  322. 
The  Ames  device  is  a  supplementary  laminated  leaf  spring  fitted 
on  top  of  a  regular  semi-elliptic  form  to  prevent  rapid  rebound. 
The  J.  M.  shock  absorber  is  a  type  designed  to  replace  the  usual 
spring  shackle  and  operates  by  providing  sensitive  springs  to  take 
the  shocks  produced  by  minor  road  irregularities.  Devices  of  this 
nature  are  not  true  shock  absorbers  but  are  more  in  the  nature  of 
auxiliary  springs.  The  Sager  device  is  a  simple  coil  spring  attached 
to  frame  and  axle.  These  are  supplementary  members  which  act 
to  retard  rapid  movements  of  the  main  spring.  The  Gabriel  de- 
vice is  a  rebound  check  that  prevents  a  rapid  return  of  the  spring 
after  deflection.  The  Connecticut  shock  absorber  has  a  series  of  leaf 
springs  in  a  housing  attached  to  one  arm  to  retard  the  motion  of  a 
cam  piece  attached  to  the  other  arm  joined  to  the  spring.  The  Truf- 
fault-Hartford  comprises  friction  pads  at  the  joint  of  levers  attached 
to  the  spring  and  frame  respectively.  These  friction  pads  prevent 
rapid  axle  movement,  either  on  deflection  or  rebound.  The  Flentje 
shock  absorber  is  a  hydraulic  form  in  which  too  rapid  spring  move- 
ment is  prevented  by  the  dash  pot  action  of  a  piston  provided  with 
small  passages  working  in  a  cylinder  filled  with  glycerin.  The 
auxiliary  springs  such  as  the  Sager  are  very  useful  if  rough  riding 
is  caused  by  the  main  springs  being  weak.  The  J.  M.  type  provides 
easy  riding  when  the  main  supporting  springs  are  too  stiflf.     The 
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Fig.  322. — Principal  Forms  of  Shock  Absorbers  and  Auxiliary  Springs. 

other  forms  outlined  are  used  to  steady  the  action  of  the  springs 
regardless  of  the  spring  strength. 

Q.  Describe  tool  equipment  for  mechanical  repairs. 

A,  A  kit  of  tools  suitable  for  general  adjustments  around  a  small 
car  is  shown  at  Fig.  323,  while  a  more  complete  outfit  adapted  for 
any  size  car  and  for  making  road  repairs  of  any  nature  is  shown 
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at  Fig.  324.  This  outfit  includes  double  ended  S  wrenches  to  fit 
standard  nuts  and  bolts;  an  adjustable  Stilson  wrench  for  pipe 
and  round  rods;  a  monkey  wrench  which  can  be  adjusted  for  various 
size  nuts ;  a  set  of  four  files,  including  round,  three  cornered,  half 
round,  and  flat,  with  a  suitable  handle;  a  soldering  copper  which 
fits  the  file  handle  and  some  wire  solder;  three  pairs  of  pliers,  one 
of  these  being  provided  with  cutting  jaws,  and  various  small  tools 
such  as  a  chisel  and  punch  set,  a  cotter  pin  extractor  and  small  ' 
three  cornered  scraper. 

Other  tools  that  may  be  added  to  advantage  if  a  motorist  is  pos- 
sessed of  any  mechanical  skill  are  shown  at  Fig.  325.  The  pliere 
at  A  are  specially  made  for  inserting  cotter  pins.  The  pimch  and 
chisel  set  at  B  can  be  included  to  advantage  if  these  tools  are  not 
already  incorporated  in  the  main  tool  outfit.  The  assortment  is 
useful  as  it  includes  a  double  end  offset  screw  driver  and  small 
adjustable  bicycle  wrench  in  addition  to  the  punches,  chisels  and 
drifts.  The  set  of  scrapers  shown  at  C  are  used  for  removing  car- 
bon from  the  interior  of  the  motor  cylinder  by  inserting  through 
valve  caps  or  sparkplug  holes  where  the  motor  construction  permits. 
The  socket  wrench  depicted  at  D  is  useful  in  removing  spark 
plugs  when  these  members  fit  recessed  valve  caps  or  cylinder  cast- 
ings. The  scrapers  illustrated  at  E  are  used  in  refitting  bearings 
and  are  tools  for  mechanic  and  repairman  rather  than  the  average 
motorist.  The  very  complete  socket  wrench  outfit  shown  at  F 
is  also  useful  for  any  one  who  does  much  repairing  because  it  per- 
mits the  removal  of  nuts  in  very  inaccessible  places.  Tubular 
sockets  are  provided  that  will  fit  practically  any  standard  nut  or 
bolt  used  in  automobiles  regardless  of  how  inaccessible  they  are 
located.  A  number  of  standard  size  double  end  socket  wrenches 
and  Tommy  bar  as  shown  at  G  are  useful  if  the  larger  set  illus- 
trated at  F  is  not  at  hand.  The  brush  at  H  is  provided  for  clean- 
ing spark  plugs  and  other  parts  of  soot  or  carbon  and  also  includes 
small  pieces  of  spring  stock  for  scraping  dirt  out  of  comers  not 
reached  by  the  brush. 

Q.     Name  spare  parts  and  supplies  that  can  be  carried  on  car 
ivhen  touring. 
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pig.  324. — Complete  Tool  Outfit  for  Repairing  Motor  Car  Mechanism 
That  Occupies  but  Little  Space. 
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A.  A  group  of  standard  small  parts  arranged  in  tin  boxes  that 
lire  adapted  for  most  makes  of  automobiles  is  shown  at  Fig.  326. 
The  box  at  A  contains  spring  or  lock  washers,  that  at  B  castellated 
nuts  in  assorted  sizes.  1  he  box  at  C  has  an  assortment  of  regular 
standard  nuts,  the  container  D  is  full  of  assorted  spUt  or  cotter 
pins,  that  at  E  contains  set  screws.  An  assortment  of  standard 
cap  screws  and  bolts  is  shown  at  F  and  a  box  full  of  assorted  taper 
pins  is  illustrated  at  (?.  The  supplies  shown  at  Fig.  327  may  be 
carried  on  a  car  if  the  tour  is  to  go  to  sections  remote  from  repair 
shops.  Some  of  the  appliances  are  useful  imder  all  conditions. 
The  hydrometer  shown  at  A,  Fig.  327,  is  employed  for  testing 
the  solution  of  storage  batteries.  A  combination  syringe  and  hy- 
drometer shown  at  B  may  be  used  to  advantage  in  its  place  if  an 
electric  lighting  or  starting  system  is  included  in  the  car  equipment 
because  it  enables  the  motorist  to  test  the  specific  gravity  of  the 
electrolyte  in  the  storage  battery  from  time  to  time  and  thus  de- 
termine the  amount  of  current  available.  The  hydrometer  shown 
at  C  is  used  in  testing  fuels.  The  folding  water  pail  shown  at  D 
takes  but  little  space. and  is  a  very  convenient- receptacle  for  filling 
the  radiator  from  any  wayside  stream  and  also  for  holding  water 
for  washing  the  hands  when  repairs  have  been  made.  If  an  electric 
lighting  system  is  fitted  spare  bulbs  for  all  lamps  should  be  carried. 
A  typical  Edison  base  timgsten  filament  lamp  is  illustrated  at  E, 
The  valve  grinding  tool  shown  at  F  is  more  properly  a  garage  or 
repair  shop  tool  though  many  motorists  who  look  after  their  own 
cars  find  it  valuable  when  grinding  in  the  valves  to  a  new  seating. 
The  spring  provided  with  the  valve  grinding  tool  is  placed  under 
the  valve  head  to  raise  the  valve  from  its  seat  when  the  weight 
holding  the  valve  to  its  seat  is  relieved;|  while  the  small  can  contains 
abrasive  valve  grinding  compound. 

The  hand  oil  can  at  O  and  bracket  by  which  it  may  be  attached 
to  the  dash  is  standard  equipment.  When  sufiicient  current  is 
available  as  when  a  storage  battery  is  supplied  for  lighting  or  start- 
ing, the  small  trouble  lamp  and  length  of  wire  shown  at  H  can  be 
used  to  illuminate  various  parts  of  the  mechanism  when  making 
repairs  after  dark.  A  lamp  of  this  nature  is  practically  a  neces- 
.  bity  because  it  is  dangerous  to  make  adjustments  where  gasoline 
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Fig.  326 — Spare  Washers,  Nuts,  Bolts,  etc.  That  Can  be  Used  to  Ad- 
vantage for  Replacing  Lost  Members  on  All  Hakes  of  Cars 

fumes  are  present  by  the  light  of  an  oil  lamp  The  Byringe  or  oil 
.  gun  shown  at  /  is  of  value  when  one  wishes  to  inject  oil  or  grease 
mto  some  inacessible  oil  hole  and  for  drawing  gasoline  from  the  tank 
for  priming  the  engine  or  cleaning  oft  a  tire  inner  tube  before  patch- 
ing. The  small  vbe  shown  at  /  may  be  screwed  to  the  jmming 
board  or  work  bench  and  will  prove  invaluable  when  needed.  The 
small  torch  depicted  at  K  bums  gasoline  and  is  a  useful  adjunct 
to  the  tool  kit  shown  at  Fig.  324  as  it  will  supply  heat  for  the  solder- 
ii^  iron. 

Q.  How  are  tools,  spare  tires,  clothing,  etc.,  carried  on  the 
average  automobile? 

A.  In  many  cars,  especially  those  with  the  gasoline  tank  under 
the  front  seat,  there  is  not  sufficient  room  for  stowing  away  all  the 
tools,  etc.,  needed  when  touring  so  various  forms  of  trunks  and  caseft 
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are  made  for  the  purpose  as  outlined  at  Fig.  328.  The  tire  trunk 
shown  at  A  is  intended  for  attachment  to  the  running  board  and  will 
fit  inside  of  the  tire  casings  usually  carried  at  that  point.  It  pro- 
vides considerable  space  in  its  interior  for  inner  tubes,  tire  repair 
outfit  or  other  supplies.  ^  The  trunk  at  B  is  designed  for  clothing 
Mid  it  carries  two  individual  dress  suit  cases,  protecting  them 
thorouglily  from  the  dirt.  It  may  be  carried  on  a  trunk  rack  at 
the  back  of  the  car.  The  box  at  C  is  designed  for  attachment  on 
a  running  board  and  the  drawers  may  be  used  to  advantage  in  carry- 
ing took  or  spare  parts  of  that  nature.  When  spare  outer  casings 
are  carried  it  is  customary  to  enclose  these  in  a  protecting  cover  of 
enameled  duck  or  leather  as  outlined  at  D. 

Q.  Enumerate  some  other  useful  accessories  that  will  com- 
plete equipment  of  average  car. 

A.  A  car  that  is  operated  in  traffic  a  large  part  of  the  time  can  be 
provided  with  a  front  bumper  or  fender  as  shown  at  ^,  Fig.  329. 
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Pig.  329. — Various  Useful  Devices  to  Complete  Motor  Car  Equipment. 

to  advantage  as  these  protect  the  lampa  and  radiator  from  damage 
in  event  of  collision  with  any  other  vehicle.  The  mirror  at  £  is 
attached  to  the  side  of  the  windshield  and  provides  a  rear  view 
appreciated  by  some  drivers.  The  robe  rail  at  C  is  a  convenience 
that  can  be  fitted  to  the  back  of  the  front  seats  at  little  expense  if 
the  car  is  not  already  provided  with  one.  The  strap  and  holder 
shown  at  D  will  keep  the  starting  crank  from  rattling  and  as  the 
handle  is  thrust  in  the  small  case  when  not  in  use  that  member  is 
kept  clean  at  all  times.  The  usual  set  of  brackets  attached  to  the 
running  board  for  carrying  a  spare  tire  casing  is  shown  at  E.  A 
folding  trunk  rack  for  use  in  carrying  trunk  shown  at  B,  Fig.  328, 
or  other  baggage  is  clearly  outlined  at  F.  While  these  accessories 
are  not  absolutely  necessary  they  are  very  convenient  and  contri- 
bute materially  to  the  pleasure  of  motoring. 


Note.— For  complete  diacuHsion  of  electric  liBhtiDg  and  HcK-startlng  eyatems  see 
"Automobile  Stftrttng,  Ltghticg,  aod  Igniting  SysteniB."  By  Victor  W.  Page.  Price, 
tl.50. 


LESSON  THIRTY  SEVEN 
DEVELOPMENT  OF  1917  AUTOMOBILE  DESIGN 

Q.    Name  some  of  the  latest  improvements  in  design. 

A.  Prominent  among  these  may  be  mentioned  the  eight  and 
twelve  cylinder  V  motors,  the  universal  adoption  of  electric  start- 
ing and  lighting  systems,  the  use  of  cantilever  springs,  and  wide 
introduction  of  the  Stewart  vacuum  feed  fuel  system. 

Q.  What  arc  the  advantages  of  the  eight  cylinder  V  motor 
over  the  "all-in-line  form"? 

A.  The  announcement  of  a  prominent  motor-c.nr  maker  in  the 
late  fall  of  1914  that  it  was  to  market  an  eight  cylinder  motor 
vehicle  in  1915  created  a  furor  in  the  automobile  trade.  This  type 
of  motor  appealed  strongly  to  the  motorist  as  well  as  to  the  manu- 
facturer, as  is  evidenced  by  the  announcement  of  the  production 
of  eight  cylinder  models  by  more  than  a  dozen  makers.  That 
manufacturers  of  engines  anticipate  a  general  demand  for  eight 
cylinder  types  can  be  judged  by  the  fact  that  all  of  the  leading 
engine  builders  are  developing  eight  cylinder  engines.  Those  who 
have  followed  the  development  of  the  gasoline  engine  will  recall 
the  arguments  that  were  made  when  the  six  cylinder  motor  was 
introduced  at  a  time  that  the  four  cylinder  type  was  considered 
standard.  The  arrival  of  the  eight  cylinder  has  created  similar 
discussion  of  its  practicability. 

The  reason  the  V  type  shown  at  Fig.  330-A  is  favored  is  that  the 
"all-in-line  form"  which  is  shown  at  Fig.  330-B  is  not  practical  for 
motor  vehicles  because  of  its  length.  Compared  to  the  standard 
four  cylinder  engine  it  is  nearly  twice  as  long  and  it  required  a 
much  stronger  and  longer  crank  shaft.  It  will  be  evident  that  it 
could  not  be  located  to  advantage  in  the  automobile  frame.  Thes^ 
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mitigating  factors  are  eliminated  in  the  V  type  eight  cylinder 
motor,  as  it  consists  of  two  blocks  of  four  cylindeis  each,  so 
arranged  that  one  set  or  block  is  at  an  angle  of  forty-five  degrees 
from  the  vertical  center  line  of  the  motor,  or  at  an  angle  of  ninety 
degrees  with  the  other  set.  This  arrangement  of  cylinders  pro- 
duces a  motor  that  is  no  longer  than  a  four  cylinder  engine  of 
half  the  power  would  be. 

Q.     Is  the  eight  cylinder  V  engine  a  new  or  untried  type? 

A.     The  eight  cylinder  V  type  engine  is  not  a  new  design  by 


Fig.  330.— Types  of  Eight  Cylinder  Engines  Showing  the  Advantage 
of  the  V  Method  of  Cylinder  Placing. 

any  means,  although  it  is  not  generally  known  to  automobilists. 
It  has  been  a  standard  power  plant  for  aeroplanes  for  many  years, 
leading  exponents  being  the  Antoinette,  the  Woolaley,  the  E.  N.  V. 
in  Europe  and  the  Curtiss  in  the  United  States.  Messrs,  pe  Dion- 
Bouton,  a  leading  French  automobile  manufacturer,  is  credited 
with  being  the  first  to  produce  an  eight  cylinder  motor  as  a  com- 
mercial proposition.  Many  racing  cars  have  beien  built  with  eight 
cylinder  motors,  notably  the  RoHs-Iloyce,  the  Darracq  and 
Winton.    The  eight  cylinder  V  type  has  also  been  widely  used  in 
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racing  motor  boats  and  gasoline  propelled  railway  coaches.  It 
was  not  a  snrpriae,  therefore,  to  those  who  were  familiar  with 
internal  combustion  engineering  when  the  eight  cylinder  engine 
was  applied  for  automobile  propulsion, 

Q.     What  are  the  real  advantages  of  the  eight  cylinder  engine? 

A.  Apparently  there  is  considerable  misconception  as  to  the 
advantage  of  the  two  extra  cylinders  of  the  eight  as  compared 
with  the  six  cylinder.    It  should  be  borne  in  mind  that  the  mnl- 


tiplication  in  the  number  of  cylinders  noticed  since  the  early  days 
of  automobile  development  has  not  been  solely  for  increasing  the 
power  of  the  engine,  but  to  secure  a  more  even  turning  movement, 
greater  flexibility  and  to  eliminate  destrnctive  vibration.  The 
ideal  internal  combustion  motor  would  be  that  which  more  nearly 
conforms  to  the  steady  running  produced  by  a  steam  turbine  or 
electric  motor.  The  advocates  of  the  eig^t  cylinder  engine  bring 
up  the  item  of  uniform  torque  as  one  of  the  most  important  advau- 
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tages  of  the  eight  cylinder  design.  ~  A  number  of  torque  diagratus 
are  sbown  at  Fig.  331.  While  these  appear  to  be  deeply  technical, 
they  may  be  very  easily  followed  when  their  purpose  is  explained. 
At  the  top  is  shown  the  torque  diagram  of  a  single  cylinder  motor 
of  the  four  cycle  type.  The  high  point  in  the  line  represents  the 
period  of  greatest  torque  or  power  generation,  and  it  will  be  evi- 
dent that  this  occurs  early  in  the  iirst  revolution  of  the  crank 
shaft.    Below  this  diagram  is  shown  a  similar  carve  except  that 


ilgnil:on  Distributor 


Fig.  332. — Front  View  of  the  King  Eight  Cylinder  V  Engine  with 
Cover  Removed  from  Timing  Gear  Case  to  Show  Use  of  Silent 
Chains  for  Driving  Camshaft  and  Auxiliary  Devices. 
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it  is  produced  by  a  fonr  cylinder  engine.    Inspection  will  show 
that  the  turning  moment  is  innch  more  Qniform  than  in  the  single  ~ 
cylinder;  similarly,  the  six  cylinder  diagram  is  an  improvement 
over  the  four,  and  the  eight  cylinder  diagram  is  an  improvement 
over  the  six  cylinder. 

Q.    Why  is  better  torque  obtained  with  an  eight  cylinder 
engine  than  with  a  four  or  six? 

A.    The  reason  that  practically  continuous  torque  is  obtained 


in  an  eight  cylinder  engine  is  that  one  cylinder  fires  every  ninety 
degrees  of  crank  shaft  rotation,  and  as  each  impulse  lasts  nearly 
seventy-five  per  cent,  of  the  stroke,  one  can  easily  appreciate  that 
an  engine  that  will  give  fonr  explosions  per  revolution  of  the 
crank  shaft  will  run  more  uniform  than  one  that  gives  bnt  three 
explosions  per  revolution,  as  the  six  cylinder  does,  and  will  be 
twice  as  smooth  running  as  a  four  cylinder,  in  which  bnt  two 
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explosions  occur  per  revolution  of  the  crank  shaft.  The  com- 
parison is  so  clearly  shown  in  graphical  diagrams  that  ^further 
description  is  unnecessary. 

Q.  How  does  an  ftight  cylinder  engine  differ  mechanically 
from  a  four  or  six? 

A.  The  front  view  of  a  typi(!al  eight  cylinder  engine  with  the 
cover  removed  from  the  timing  gear  case  is  outlined  at  Fig.  332. 
In  this  engine  the  cylinders  are  cast  in  blocks  of  four  and  are  of 
the  L  head  type,  the  valves  being  on  the  inside  of  the  cylinder 
block  facing  those  of  the  other  cylinders.  This  makes  it  possible 
to  operate  the  valves  by  one  cam  shaft,  driven  by  silent  chain 
gearing  from  the  pinion  en  the  crank  shaft.  There  is  ample  space 
between  the  two  cylinder  blocks  to  mount  the  carburetor,  ignition 
distributor  and  other  parts.  The  method  of  installing  the  eight 
cylinder  motor  in  the  Cadillac  automobile  frame  is  clearly  shown 
at  Fig.  333.  The  only  point  in  which  an  eight  cylinder  motor 
differs  from  a  four  cylinder  is  in  the  arrangement  of  the  connect- 
ing rod,  as  in  many  designs  it  is  necessary  to  Have  two  rods 
working  from  the  same  crank  pin.  This  difficulty  is  easily  over- 
come in  some  designs  by  staggering  the  cylinders  and  having  the 
two  connecting  rod  big  ends  of  conventional  form  side  by  side  oi,l 
a  common  crank  pin.  In  other  designs  one  rod  is  a  forked  form 
and  works  on  the  outside  of  a  rod  of  the  regular  pattern.  Still 
another  method  is  to  have  a  boss  just  above  the  maim  bearing  on 
one  connecting  rod  to  which  the  lower  portion  of  the  connecting 
rod  in  the  opposite  cylinder  is  hinged. 

As  the  eight  cylinder  engine  may  actually  be  made  lighter  than 
the  six  cylinder  of  equal  power,  it  is  possible  to  use  smaller  recip- 
rocating parts,  such  as  pistons,  connecting  rods  and  valve  gear, 
and  obtain  higher  engine  speed  with  practically  no  vibration.  The 
firing  order  in  nearly  every  case  is  the  same  as  in  a  four  cylinder 
except  that  the  explosions  occur  alternately  in  each  set  of  cylin- 
ders. In  prevailing  practice  the  sequence  is  1-3-4-2.  The  firing 
order  of  an  eight  cylinder  motor  is  apt  to  be  confusing  to  the 
motorist,  especially  if  one  considers  that  there  are  eight  possible 
sequences.    The  majority  of  engineers  favor  the  alternate  firing 
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Fig.  334. — Sectional  View  Through  End  Section  Through  Packard 
Twin  Six  Motor,  Showing  Arrangement  of  Parts  and  Narrow 
Motor  Possible  by  60-degree  Placing. 

from  side  to  side.  This  is  given  by  several  manufacturers  as  fol- 
lows: 1-4-5-2-7-6-3-8.  Another  firing  order,  1-8-3-6-4-5-2-7 ;  still 
another,  1-6-3-54-7-2-8.    Some  makers  call  the  left  front  cylinder, 
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or  that  nearest  the  radiator,  No.  1,  and  the  opposite  cylinder  the 
!No.  8.  No  difficulty  is  experienced  in  an  eight  cylinder  engine 
either  in  the  carburetion  or  in  firing  the  charge.  In  six  cylinder 
engines  some  difficulty  is  apt  to  be  experienced  in  securing  proper 
carburetor  action,  but  in  an  eight  the  problem  is  as  simple  as  in 
the  four  cylinder  engine. 

Q.     Describe  the  Packard  twelve  cylinder  V  engine. 

A.  One  of  the  first  makers  to  announce  a  twelve-cylinder  car 
for  the  1916  season  is  the  Packard  Motor  Car  Company  of  Detroit, 
Mich.,  which  is  building  a  high-speed  motor  incorporating  all 
recent  features  of  design  in  securing  light  reciprocating  parts, 
large  valve  openings,  etc.  The  twelve-cylinder  motor  incorporates 
the  best  features  of  high-speed  motor  design  and  there  is  no  need 
at  this  time  to  discuss  further  the  pros  and  cons  of  the  twelve- 
cylinder  versus  the  eight  or  six,  because  it  is  conceded  by  all  that 
there  is  the  same  degree  of  increase  of  steady  power  application 
in  the  twelve  over  the  eight  as  there  would  be  in  the  eight  over  the 
six.  The  question  resolves  itself  into  having  a  motor  of  high 
power  that  will  run  with  minimum  vibration  and  that  produces 
smooth  action.  It  should  be  remembered  that  if  an  eight-cylinder 
engine  will  give  four  explosions  per  revolution  of  the  fly-wheel 
a  twelve-cylinder  type  will  give  six  explosions  per  revolution, 
and  instead  of  the  impulses  coming  90  degrees  crank  travel  apart, 
as  in  the  case  of  the  eight-cylinder,  they  will  come  but  60  degrees 
of  crank  travel  apart  in  the  case  of  the  twelve-cylinder.  When 
one  realizes  that  the  actual  duration  of  the  power  stroke  is  con- 
siderably greater  than  120  degrees  crank  travel,  it  will  be  appar- 
ent that  the  overlapping  of  explosions  must  deliver  a  very 
uniform  application  of  power. 

The  dimensions  of  the  new  Packard  motor  are  3"  bore  by  5" 
stroke,  giving  a  total  piston  displacement  of  424  cubic  inches.  The 
motor  will  attain  a  speed  of  3,000  R.P.M.,  or  more  if  necessary, 
although  the  multiplicity  of  explosions  produces  so  much  power  at 
the  low  motor  speeds  that  the  high  range  of  speed  will  be  needed 
only  when  extreme  conditions  are  encountered.  The  pistons  are 
of  aluminum  alloy  and  the  connecting  rods  are  machined  all  over 
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in  order  to  have  small  reciprocating  weight.  The  piston  weighs 
bnt  17  onnces  complete  with  rings,  and  the  upper  half  of  the  con- 
necting rod,  which  is  considered  a  reciprocating  mass,  weighs  but 
8.5  ounces,  this  making  a  very  small  total  mass  of  1  pound  9.5 
ounces.  Knowing  that  the  vibration  which  is  present  in  the  six- 
cylinder  is  due  to  the  weight  of  pistons,  etc.,  it  will  be  apparent 
that  if  this  weight  is  lessened,  as  it  is  in  the  "Twin  Six'^  design, 
a  much  smoother  running  motor  will  be  obtained.  One  may 
say  that  the  twelve-cylinder  is  an  attempt  to  combine  the  advan- 
tages of  the  six  and  eight  and  to  simultaneously  eliminate  some 
of  the  disadvantages  of  both  types.  While  this  is  true  to  only  a 
limited  extent,  it  is  apparent  that  for  very  powerful  engines  the 
twelve-cylinder  will  have  a  logical  field. 

The  Packard  motor  has  two  block  castings,  consisting  of  six 
cylinders  each,  set  on  an  aluminum  crank  case,  with  the  cylinder 
center  lines  30  degrees  each  side  of  the  vertical  motor  center  line, 
which  gives  an  included  angle  of  60  degrees  between  the  two  cyl- 
inder center  lines.  This  arrangement  gives  the  best  torque,  which 
is  obtained  with  even  intervals  between  the  explosions.  The 
valves  are  placed  between  the  cylinders  in  the  ordinary  "L" 
fashion,  but  they  are  more  accessible  than  in  the  eight-cylinder 
because  the  narrowness  or  reduction  of  width  possible  by  the 
60-degree  placing  of  the  cylinders  allows  the  generator,  starting 
motor,  water  pump  and  other  attachments  to  be  mounted  along- 
side of  the  engine  jcrank  case  just  as  in  the  ordinary  four-cylinder 
engine.  This  clears  the  valves  of  all  obstructions  and  the  carbu- 
retor is  placed  high  enough  to  be  easily  reached  itself.  Ignition 
is  by  battery  and  coil,  two  timer-distributors  being  used,  one  for 
each  block  of  six  cylinders. 

In  a  recent  test,  the  Packard  motor  used  but  one  gallon  to 
eleven  miles,  which  is  very  good  mileage  for  an  engine  of  that 
horse  power.  To  allow  the  motor  to  be  used  at  continued  high 
speed,  a  high-pressure  oiling  system  is  essential.  The  oil  is  car- 
ried up  from  the  crank  pins  to  the  piston  pins  by  pipes  lying 
inside  of  the  channel  of  the  "H"  section  of  the  connecting  rods. 
There  are  but  three  main  crank  shaft  bearings,  this  being  consid- 
ered sufficient  for  the  short  length  of  the  crank  shaft.     Beside? 
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the  crank  shaft  and  piston  pin  leads,  oil  under  pressure  is  distrib- 
uted to  the  cam  shaft,  generator  shaft,  air  and  oil  pump  shafts 
and  the  tinier  shaft.  Overflow  from  the  generator  shaft  cares  for 
the  sileBt  chaiii  at  the  front  which  drives  the  camshaft  and  auxil- 
iary units  placed  at  the  side  of  the  motor. 

It  ia  Btated  that  the  marked  advantages  of  the  motor  using 
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twelve  cylinderB  is  fonnd  in  actnal  road  operation,  where  it  i» 
possible  to  run  tbe  car  at  a  walking  pace  on  the  high  gear,  and' 
it  is  also  possible  to  accelerate  from  this  low  speed  to  a  speed  of 
30  miles  per  hour  in  twelve  seconds  on  a  level  cement  road  on  the 
high  speed  ratio.  The  car  will  attain  a  road  speed  of  over  60 
miles  per  honr  with  no  perceptible  motor  vibration.    A  National 


Fig.  337.— Two  Methods  of  Operating  Valves  by  Positive  Cam  Hech- 
wiism  which  Closes  as  well  as  Opens  Them. 

twelve-cylinder  engine  will  also  be  offered  in  1916,  and  several 
other  makers  of  high-powered  cars  are  said  to  be  considering  this 
type  of  engine. 

Q.    What  is  tbe  detachable  cylinder  head  motor? 

A.  There  is  a  growing  tendency  on  the  part  of  the  designers 
to  use  the  detachable  cylinder  head  construction  that  was  first 
^ntrodticed  in  a  commercial  way  on  mnltiple  cylinder  automobile 
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engines  by  Henry  Ford.  A  new  design  which  is  shown  at  Fig. 
336  incorporates  not  only  the  detachable  head  feature  having 
valves  directly  in  the  head,  but  also  includes  an  overhead  cam 
shaft  with  practically  direct  actuation  of  the  valve  stem.  The 
construction  of  the  valve  operating  member  can  be  clearly  under- 
stood by  referring  to  the  illustration  at  the  top  of  Fig.  336.  As 
the  engine  outlined  is  a  six  cylinder  form,  twelve  valves  are  car- 
ried in  the  removable  head  member,  which  means  that  the  cam 
shaft  must  have  twelve  cams.  The  cam  shaft  is  driven  at  the  cen- 
tral point  by  means  of  a  worm  or  spiral  pinion  which  drives  a 
larger  spiral  gear  attached  to  the  cam  shaft.  In  order  to  relieve 
the  valve  stem  of  side  thrust,  a  cam  follower  is  interposed 
hetween  the  cam  and  the  top  of  the  valve  stem. 

Q.  What  are  springless  valves  and  what  are  their  advan- 
tages? 

A.  Springless  valves  are  the  latest  development  on  French 
racing  cars  and  it  is  possible  that  the  positively  operated  types 
will  be  introduced  on  pleasure  cars  also.  Two  makes  of  positively 
actuated  valves  are  shown  at  Fig.  337.  The  positive  valve  motor 
differs  from  the  conventional  form  by  having  no  necessity  for 
valve  springs,  as  a  cam  not  only  assures  the  opening  of  the  valve, 
but  also  causes  it  to  return  to  the  valve  seat.  In  this  respect  it 
is  much  like  the  sleeve  valve  motor  where  the  uncovering  of  the 
ports  isi  absolutely  positive.  The  cars  equipped  with  these  valves 
were  a  success  in  long-distance  auto  races.  Claims  made  for  this 
type  of  valve  mechanism  include  the  possibility  of  a  higher  num- 
ber of  revolutions  and  consequently  greater  engine  power.  With 
the  spring  controlled,  single  cam  operated  valve  a  point  is  reached 
where  the  spring  is  not  capable  of  returning  the  valve  to  its  seat 
before  the  cam  has  again  begim  its  opening  movement.  It  is  pos- 
sible to  extend  the  limits  considerably  by  using  a  light  valve  on 
^  strong  spring,  but  the  valve  still  remains  a  limiting  factor  in 
the  speed  of  the  motor. 

Q.    Describe  typical  springless  valve  designs. 

A.  A  part  sectional  view  through  a  cylinder  of  an  engine 
designed  by  G.  Michaux  is  shown  at  Fig.  337-A.    There  are  two 
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valves  per  cylinder  inclined  at  about  ten  degreles  from  the  ver- 
tical. The  valve  stems  are  of  large  diameter,  as  owing  to  positive 
control,  there  is  no  necessity  of  lightening  this  part  in  an  unnsual 
degree.  A  single  overhead  cam  shaft  has  eight  pairs  of  cams, 
which  are  shown  in  detail  at  B.  For  each  valve  there  is  a  three- 
armed  rocker,  one  arm  of  which  is  connected  to  the  stem  of  the 
valve  and  the  two  others  are  in  contact  respectively  with  the 
opening  and  closing  cams.  The  connection  to  the  end  of  the  valve 
stem  is  made  by  a  short  connecting  link  which  is  screwed  on  to 
the  end  of  the  valve  stem  and  locked  in  position.  This  allows 
some  adjustment  to  be  made  between  the  valves  and  the  actuating 
rocker.  It  will  be  evident  that  one  cam  and  one  rocker  arm  pro- 
duces the  opening  of  the  valve  and  that  the  corresponding  rocker 
arm  and  cam  result  in  the  closing  of  the  valve.  If  the  opening 
cam  has  the  usual  convex  profile  the  closing  cam  has  a  corre- 
spondingly concave  profile.  It  will  be  noticed  that  a  light  valve 
spring  is  shown  in  drawing.  This  is  provided  to  give  a  final  seat* 
ing  to  its  valve  after  it  has  been  closed  by  the  cam.  This  is  not 
absolutely  necessary,  as  an  engine  has  been  run  successfully  with- 
out  these  springs.  The  whole  mechanism  is  contained  within  an 
overhead  aluminum  cover. 

The  positive  valve  system  used  on  the  De  Lage  motor  is  shown 
at  D.  In  this  the  valves  are  actuated  as  shown  in  sectional  views 
D  and  E,  The  valve  system  is  unique  in  that  four  valves  are  pro- 
vided per  cylinder,  two  for  exhaust  and  two  for  intake.  The 
valves  are  mounted  side  by  side,  as  shown  at  E,  so  the  double 
actuator  member  may  be  operated  by  a  single  set  of  cams.  The 
valve  operating  member  consists  of  a  yoke  having  guide  bars  at 
the  top  and  bottom.  The^ actuating  cam  works  inside  of  this  yoke. 
The  usual  form  of  cam  acts  on  the  lower  portion  of  the  yoke  to 
open  the  valve,  while  the  concave  cam  acts  on  the  upper  part  to 
close  the  valves.  In  this  design  provision  is  made  for  expansion 
of  the  valve  stems  due  to  heat,  and  these  are  not  positively  con- 
nected to  the  actuating  member.  As  shown  at  E,  the  valves  are 
held  against  the  seat  by  short  coil  springs  at  the  upper  end  of  the 
stem.  These  are  very  stiff  and  are  only  intended  to  provide  for 
expansion.    A  alight  space  is  left  between  the  top  of  the  valve 
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Btem  and  the  portion  of  the  operating  member  that  bears  against 
them  when  the  regular  profile  cam  exerts  its  pressure  on  the  bot- 
tom of  the  valve  operating  mechanism.    Another  novelty  in  this 
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motor  design  is  that  the  cam  shafts  and  the  valve  operating  mem- 
bers are  carried  in  casings  attached  above  the  motor  by  housing- 
supports  in  the  form  of  small  steel  pillars.  The  overhead  cam. 
shafts  are  operated  by  means  of  bevel  gearing. 

Q.    What  is  the  Stewart  vacuum  fuel  feed? 

A.  One  of  the  marked  tendencies  has  been  the  adoption  of  a 
vacuum  fuel  feed  system  to  draw  the  gasoline  from  tanks  placed 
lower  than  the  carburetor  instead  of  using  either  exhaust  gas  or 
air  pressure  to  achieve  this  end.  The  device  generally  fitted  is  the 
Stewart  vacuum  feed  tank  which  is  clearly  shown  in  section  at 
Fig.  338-A,  and  method  of  application  to  the  side  of  a  motor  at 
Fig.  338-B.  In  this  system  the  suction  of  a  motor  is  employed  to 
draw  gasoline  from  the  main  fuel  tank  to  the  auxiliary  tank  incor- 
porated in  the  device  and  from  this  tank  the  liquid  flows  to  the 
carburetor.  It  is  claimed  that  all  the  advantages  of  the  pressure 
system  are  obtained  with  very  little  more  complication  than  is 
found  on  the  ordinary  gravity  feed.  The  mechanism  is  all  con- 
tained in  the  cylindrical  tank  shown,  which  may  be  mounted 
either  on  the  front  of  the  dash  or  on  the  side  of  the  engine  as 
shown  at  Fig.  338-B. 

The  tank  is  divided  into  two  chambers,  the  upper  one  being  the 
filling  chamber  and  the  lower  one  the  emptying  chamber.  The 
former,  which  is  at  the  top  of  the  device,  contains  the  float  valve, 
as  well  as  the  pipes  running  to  the  main  fuel  container  and  to 
the  intake  manifold.  The  lower  chamber  is  used  to  supply  the 
carburetor  with  gasoline  and  is  under  atmospheric  pressure  at 
all  times,  so  the  flow  of  fuel  from  it  is  by  means  of  gravity  only. 
Since  this  chamber  is  located  somewhat  above  the  carburetor, 
there  must  always  be  free  flow  of  fuel.  Atmospheric  pressure  is 
maintained  by  the  pipes  A  and  B,  the  latter  opening  into  the  air. 
In  order  that  the  fuel  will  be  sucked  from  a  main  tank  to  the 
upper  chamber,  the  suction  valve  must  be  opened  and  the  atmos- 
pheric valve  closed.  Under  these  conditions  the  float  is  at  the 
bottom  and  the  suction  at  the  intake  manifold  produces  a  vacuum 
in  the  tank  which  draws  the  gasoline  from  the  main  tank  to  the 
upper  chamber.    When  the  upper  chamber  is  filled  at  the  proper 


Questions  and  Answers  599 

height  the  float  rises  to  the  top,  this  closing  the  suction  valve  and 
oX)ening  the  atmospheric  valve.  As  the  suction  is  now  cut  off,  the 
lower  chamber  is  filled  by  gravity  owing  to  there  being  atmos- 
pheric pressure  in  both  upper  and  lower  chambers.  A  flap  valve 
is  provided  between  the  two  chambers  to  prevent  the  gasoline  in 
the  lower  one  from  being  sucked  back  into  the  upper  one.  The 
atmospheric  and  suction  valves  are  controlled  by  the  levers  C  and 
Dy  both  of  which  are  pivoted  at  E,  their  outer  ends  being  con- 
nected by  two  coil  springs.  It  is  seen  that  the  arrangement  of 
these  two  springs  is  such  that  the  float  must  be  held  at  the 
extremity  of  its  movement,  and  that  it  cannot  assume  an  inter- 
mediate position. 

This  intermediate  action  is  required  to  insure  that  the  upper 
part  of  the  tank  may  be  under  atmospheric  pressure  part  of  the 
time  for  the  gasoline  to  flow  to  the  lower  chamber.  When  the 
level  of  gasoline  drops  to  a  certain  point,  the  float  falls,  this 
opening  the  suction  valve  and  closing  the  atmospheric  valve.  The 
suction  of  the  motor  then  causes  a  flow  of  fuel  from  the  main  con- 
tainer. As  soon  as  the  level  rises  to  the  proper  height  the  float 
returns  to  its  upper  position.  It  takes  about  two  seconds  for  the 
chamber  to  become  full  enough  to  raise  the  float,  as  but  .05  gallon 
is  transferred  at  a  time.  The  pipe  running  from  the  bottom  of 
the  lower  chamber  to  the  carburetor  extends  up  a  way,  so  that 
there  is  but  little  chance  of  dirt  or  water  being  carried  to  the  float 
chamber. 

If  the  car  is  allowed  to  stand  long  enough  so  that  the  tank 
becomes  empty,  it  will  be  replenished  after  the  motor  has  been 
cranked  over  four  or  five  times  with  the  throttle  closed.  The 
installation  of  the  Stewart  Vacuum-Gravity  System  is  very  sim- 
ple. The  suction  pipe  tapped  into  the  manifold  at  a  point  as  near 
the  cylinders  as  possible,  while  the  fuel  pipe  is  inserted  into  the 
gasoline  tank  and  runs  to  the  bottom  of  that  member.  There  is 
ft  screen  at  the  end  of  the  fuel  pipe  to  prevent  any  trouble  due  to 
deposits  of  sediment  in  the  main  container.  As  the  fuel  is  sucked 
from  the  gasoline  tank  a  small  vent  must  be  made  in  the  tank 
filler  cap  so  that  the  pressure  in  the  main  tank  will  always  be 
that  of  the  atmosphere. 
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Q.    What  is  an  "air  stove"  and  how  is  it  used? 

A.  In  this  illustration  (Fig.  338)  is  also  shown  another  recent 
improvement  in  carburetion  at  C  Owing  to  the  lower  grades  of 
fuel  now  being  generally  supplied,  the  primary  inlet  of  the  carbu- 
retor is  connected  to  an  air  stove  fastened  to  the  exhaust  pipe  in 
order  that  heated  air  will  be  supplied  the  mixture.  This  assists 
in  vaporization.  The  fitting  outlined  is  exceptionally  neat,  inas- 
much as  it  is  a  casting  with  which  is  incorporated  the  discharge 
elbow  from  the  exhaust  valve  chambers  of  the  motor  to  which  the 
exhaust  pipe  leading  to  the  muflSer  is  secured. 


Pig.  341. — Recent  Developments  in  Automobile  Body  Design. 
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Fig.  342.— Plan  View  of  King  Eight  Cylinder  Automobile  Cliassis 
Shows  Late  Trend  in  Automobile  Design.  Note  Cantilever 
Springs. 
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Q.    Have  any  changes  been  made  in  body  design? 

A.  The  pronounced  tendency  in  body  design  is  to  carry  out 
the  stream  line  effect  so  that  there  are  no  sharp  angles  anywhere 
on  the  body.  The  hood  meets  the  body,  which  is  provided  with  a 
cowl  dash.  An  example  of  an  extreme  ^T)oat  type"  body  is  shown 
at  Pig.  341-A.  Seating  arrangements  have  been  changed  to  some 
extent.  At  B  sl  "cluster^'  system  of  arranging  the  seats  for  carry- 
ing four  passengers  in  a  body  but  little  larger  than  that  usually 
provided  on  a  two  passenger  car  is  shown.  The  advantage  of  this 
arrangement  is  that  it  brings  all  passengers  near  the  center  of 
the  body  and  between  the  springs,  which  makes  for  easy  riding. 
A  clover  leaf  seating  arrangement  for  three  passengers  is  shown 
at  C.  In  the  body  outlined  at  D  the  seats  are  in  the  form  of 
movable  arm  chairs  which  may  be  placed  as  desired,  and  securely 
locked  after  they  are  located  to  suit  the  convenience  of  the 
occupants. 

Q.    What  are  the  tendencies  noted  in  modern  chassis  design? 

A.  An  example  of  a  modern  chassis  in  which  an  eight  cylinder 
V  type  engine  is  used  is  shown  at  Pig.  342.  This  shows  clearly  the 
combination  of  change  speed  gear  set  and  clutch  case  with  the 
engine  crank  case  to  form  the  unit  power  plant  and  also  outlines 
the  application  of  cantilever  springs,  which  are  used  on  many  of 
the  1916  cars.  The  tendency  toward  the  use  of  straight  brake 
rods  all  carried  inside  of  the  chassis  frame  is  also  clearly  outlined. 
The  practical  application  of  a  cantilever  spring  is  shown  at  Pig. 
343-A.  This  type  of  spring  is  said  to  be  easier  riding  than  any 
form  heretofore  developed  and  was  first  used  on  automobiles  by 
P.  "W.  Lanchester,  of  England,  who  has  favored  this  type  for  years. 
With  a  cantilever  spring  there  is  less  unsprung  weight  on  the 
rear  axle  than  with  the  usual  type,  as  it  is  apparent  that  only 
those  portions  of  a  spring  which  move  up  and  down  through  the 
same  range  as  the  body  are  fully  spring  supported.  The  parts 
fastened  to  the  axle  are  wholly  unsprung  and  intermediate  por- 
tions are  only  partially  spring  supported.  Another  advantage  of 
the  cantilever  spring  is  that  for  a  given  length  of  body  and  frame 
it  permits  a  longer  wheel  base  or  provides  the  same  effect.    The  way 
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the  spring  is  attached  to  the  frame  side  members  permits  of  in- 
creasing the  wheel  base  eight  or  ten  inches  over  that  possible  with 
a  conventional  semi-elliptic  or  three-quarter  elliptic  spring  unless 
these  have  a  large  overhang  at  the  rear  of  the  vehicle.    If  a  certain 


604  Questions  and  Answers 

car  is  equipped  with  semi-elliptic  springs  and  these  are  changed 
over  so  the  mounting  is  as  a  cantilever  spring,  one  would  find 
that  they  deflect  more  than  before,  and  that  they  are  also  more 
susceptible  to  minute  road  irregularities  than  they  were  when 
hung  up  in  the  conventional  manner. 

Q.    How  is  the  cantilever  spring  usually  installed? 

A.  The  usual  method  of  hanging  a  cantilever  spring  is  shown 
at  A,  The  thickest  portion  of  the  spring  is  attached  to  a'  fitting, 
which  rocks  on  a  hanger  pin  secured  on  the  frame  side.  The  front 
end  of  the  spring  is  shackled  to  the  spring  support  in  the  usual , 
manner,  while  the 'rear  end  is  attached  to.  the  rear  axle.  Another 
tendency  is  to  use  the  underslung  semi-elliptic  or  three-quarter 
elliptic  springs,  as  shown  at  Fig.  343-B.  This  makes-  it  possible 
to  carry  the  weight  lower  than  is  the  case  when  the  spring  is 
placed  on  the  top  of  the  axle,  and  it  also  permits  a  greater  range 
of  spring  movement,  without  cambering  the  frame  side  member 
unduly. 

Q.    What  is  the  leather  universal  joint  construction? 

A.  A  number  of  cars  now  use  spring  plate  or  leather  disc 
universal  joints  at  points  where  these  are  not  subjected  to  undue 
deflection  in  place  of  the  sliding  jaw  coupling  or  Oldham  coup- 
lings 90  widely  used  heretofore.  A  point  where  they  could  be 
used  to  special  advantage  is  between  the  clutch  and  gear  case,  and 
for  magneto  or  starting  generator  drive.  Some  have  been  applied 
on  the  end  of  a  propeller  drive  shaft,  where  the  degree  of  move- 
ment was  not  apt  to  be  excessive  owing  to  the  use  of  straight  line 
drive.  The  construction  of  these  joints  is  clearly  shown  at  Fig.  . 
343-C.  Two  three  arm  driving  spiders  £tre  attached  to  a  flexible 
steel  ring,  or  to  a  series  of  leather  rings,  as  shown  in  the  illustra- 
tion, the  degree  of  flexibility  of  the  ring  member  being  such  as 
to  permit  slight  disalignment,  and  at  the  same  time  secure  positive 
driving.  The  advantage  of  this  form  of  joint  is  that  it  is  quiet 
in  action  and  that  there  is  nothing  to  wear  out. 
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Q,    What  is  a  hydraulic  brake? 

A.  A  novel  method  of  actuating  the  rear  wheel  brakes  on  the 
1915  Knox  tractor  is  shown  at  Fig.  344.  Instead  of  the  usual 
meehanical  leverage  the  brakes  are  applied  by  hydraulic  preaaure. 
The  hand  lever  works  a  pump  plunger  which  forces  oil  into  the 
cylinder  of  a  brake  actuating  member  carried  on  the  radius  rods. 
When  the  applying  lever  is  worked  back  and  forth,  it  acts  as  a 
pump-handle,  and  forces  liquid  into  the  braking  cylinder.  By 
having  a  difference  in  size  between  the  pump  plunger  and  that 
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actuating  the  brake  a  great  increase  in  power  is  obtained  and  the 
brakes  may  be  applied  with  very  little  exertion.  Wheu  it  ifc» 
desired  to  release  the  brakes,  the  lever  is  thrown  way  forward, 
which  opens  a  bypass  valve  which  allows  the  oil  to  flow  back  into 
the  container,  relieving  the  pressure  against  the  brake  actuating 
plunger.  This  is  then  drawn  back  by  the  brake  release  spring 
and  forces  the  liquid  out  of  the  braking  cylinder.  The  brakes  are 
of  the  usual  friction  band  form. 

Q.    What  is  the  positive  drive  differential? 

A.  A  new  type  of  worm  diflEerential  which  is  of  exceedingly 
simple  design,  and  which  has  the  meritorious  feature  of  driving 
both  wheels,  regardless  of  the  traction  condition  of  either,  has 
been  put  on  the  market  under  the  name  of  the  Walter  positive 
drive  differential.  The  differential  consists  of  two  pairs  of  spiral 
gears  mounted  in  a  two-part  housing  as  shown  in  the  accompany- 
ing illustration.  The  two  pairs  of  spiral  gears  mesh  together  and 
also  mesh  with  worms  mounted  in  the  housing  and  on  the  drive- 
shaft.  The  housing  is  in  halves  which  are  alike  except  for  the 
flange  for  the  bevel  gear.  The  two  bolts  which  hold  the  housing 
together  set  one  ahead  of  the  other  in  order  to  bring  the  spiral 
gear  pairs  into  direct  mesh. 

The  worm  can  be  given  any  desired  pitch  within  the  limits  of 
good  practice,  but  in  the  standard  design  they  will  have  a  22.5 
degree  lead  angle,  as  this  has  been  found  to  be  the  best  in  prac- 
tice. The  construction  is  not  limited,  however,  to  any  special 
spiral  angle.  "With  this  construction,  the  operation  will  be  aa 
follows:  The  driving  resistances  of  the  wheel  tend  to  rotate  the 
spiral  gears  on  their  pins  in  opposite  directions.  When  one  wheel 
has  a  greater  resistance  the  inequality  of  force  cannot  drive  th« 
other  wheel  faster,  as  the  spiral  gear  cannot  drive  the  worm  on 
account  of  the  relationship  of  the  pitch  angle  to  one  another.  The 
result  is  that  both  wheels  are  positively  driven.  When  turning, 
the  outside  wheel  rolls  faster  and  so  permits  the  inside  wheel  to 
turn  correspondingly  slower,  giving  a  compensating  differential 
»ction« 
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Worm  gearing  has  been  chosen  because  it  provides  strength, 
while  at  the  same  time  giving  a  smooth  and  pliant  action.  The 
flexibility  of  the  worm  gearing  is  very  effective  in  diminishing 
the  shocks  transmitted  through  the  differential  mechanism.  Five 
advantages  are  claimed  for  this  type  of  differential.  These  may 
be  briefly  sununarized  as  follows:  1 — The  car  will  not  stall  if  a 
single  wheel  alone  has  traction.  2 — The  motor  power  is  used  more 
effectively,  as  both  wheels  are  steadily  driven.  3 — Skidding  is 
eliminated  in  many  cases,  due  to  the  steady  driving  of  both  wheels. 
4 — ^More  even  pulling  is  secured  on  a  rough  road  for  the  same 
reason.  5 — The  wear  and  strain  on  tires  due  to  an  accelerated 
or  spinning  wheel  recovering  the  road  is  eliminated,  a  notable 
advantage  for  economy. 

Q.    What  is  the  Entz  electric  transmission? 

A.  This  system  was  first  devised  eight  or  nine  years  ago,  and  has 
been  recently  reintroduced  in  an  improved  and  simplified  form. 
The  appearance  of  the  unit  is  clearly  shown  at  Pig.  346.  Bolted  to 
the  rear  of  the  engine  crank  shaft  is  an  aluminum  housing,  which 
carries  the  electrical  system.  Two  arms  of  this  crank  case  rest  on 
the  chassis  frame  to  support  it.  Inside  of  the  housing  is  another 
case  bolted  to  a  flange  at  the  rear  end  of  the  crank  shaft.  This  is  the 
frame  of  the  forward  unit  of  transmission,  which  carries  the  field 
coils,  and  which  acts  as  a  flywheel  for  the  engine.  To  the  rear  end 
of  the  stationary  outside  housing  the  field  frame  of  the  rear  elec- 
trical unit,  which  is  intended  to  be  stationary,  is  attached.  The 
armatures  of  both  units  are  attached  to  the  same  shaft. 

Under  conditions  of  light  running,  when  the  high  gear  or  direct 
drive  would  be  used  in  a  car  equipped  with  a  sliding  gear  trans- 
mission, the  armature  of  the  Entz  system  is  short  circuited,  but 
the  slippage  and  loss  then  amounts  to  only  a  few  per  cent. 

When  the  resistance  to  car  movement  is  greater,  so  that  a  lower 
gear  must  be  employed,  in  the  gear  driven  cars,  with  the  Entz  sys- 
tem, the  current  produced  in  the  first  armature  by  the  slip  is  sent  to 
the  windings  of.  the  motor  where  it  produces  useful  mechanical 
power.    As  the  armature  of  the  motor  is  secured  to  the  propeller 
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4shaft  it  transforms  the  electrical  energy  produced  by  the  slip  at  the 
generator  to  mechanical  power,  which  supplements  that  transmitted 
by  the  generator  armature.  The  windings  of  the  second  machine 
are  such  that  the  electric  system  can  increase  the  torque  or  turning 
effort  of  the  engine  three  times,  at  the  same  time  reducing  the  speed 
of  driving  pinion  rotation  at  the  rear  axle  to  one-third  that  of  the 
engine  speed.  The  engine  is  permitted  to  develop  its  full  power,  and 
to  turn  at  such  speed  as  is  necessary  to  secure  this  effect,  and  when 
the  resistance  to  road  wheel  rotation  is  such  that  these  must  turn 
slower,  instead  of  slowing  up  the  engine  speed  it  may  be  kept  at  the 
same  point  and  the  armature  of  the  generator  allowed  to  slip  and 
generate  current,  which  is  then  directed  to  the  second  machine. 

Q.    What  are  the  latest   1916  engine  developments? 

A.  It  is  not  only  in  multiplying  the  number  of  cylinders  or 
arranging  them  in  V  form  to  obtain  compactness  that  the  automo- 
bile power  plant  of  1916  has  been  improved.  The  speeds  of  crank- 
shaft rotation  are  higher  than  ever  before,  and  many  touring  car 
motors  run  at  higher  speeds  than  the  racing  car  power  plants  of 
a  few  years  ago.  More  power  is  therefore  obtained  for  a  given 
piston  displacement  than  formerly;  this  being  made  possible  by 
an  increase  in  valve  sizes,  changes  in  compression  ratios  and  the 
adoption  of  automatic  pressure  feed  lubricating  systems  that  insure 
the  thorough  lubrication  of  every  internal  motor  part.  The  great 
increase  in  crankshaft  speed  has  been  made  possible  by  better 
balancing  and  the  lightening  of  reciprocating  parts  by  using  lighter 
pistons  of  aluminum  alloy.    These  are  fully  described  herewith. 

Q.    Outline  use  of  aluminum  in  motor  parts. 

A.  Aluminum  pistons  outlined  at  Pig.  347,  C,  D,  E  and  F, 
have  replaced  cast  iron  members  in  many  motors,  as  these  weigh 
about  one-third  as  much  as  the  cast  iron  forms  of  the  same  size, 
while  the  reduction  in  the  inertia  forces  has  made  it  possible  to 
increase  the  engine  speed  without  correspondingly  stressing  the 
connecting  rods,  crankshaft  and  engine  bearings. 
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Aluminum  has  not  only  been  used  for  pistons,  but  a  number  of 
motors  .will  be  built  for  the  coming  season  that  will  use  aluminum 
cylinder  block  castings  as  well  as  shown  at  Pig.  347-B.  Of  course, 
the  aluminum  alloy  is  too  soft  to  be  used  as  a  bearing  for  the 
piston,  aud  it  will  not  withstand  the  hammering  action  of  the  valve. 
This  makes  the  use  of  cast  iron  imperative  in  all  motors.  When 
used  in  connection  with  an  aluminum  cylinder  block  the  cast  iron 
pieces  are  placed  in  the  mould  so  that  they  act  as  cylinder  liners 
and  valve  seats,  and  the  molten  metal  is  poured  around  them  when 
the  cylinder  is  cast.  It  is  said  that  this  construction  results  in  an 
intimate  bond' between  the  cast  iron  and  the  surrounding  Aluminum 
metal.  Aluminum  has  for  a  number  of  years  been  used  in  many 
motor  car  parts.  Alloys  have  been  developed  that  have  greater 
strength  than  cast  iron  and  that  are  not  so  brittle.  Its  use  for 
manifolds,  clutch  cones  and  engine  crank  and  gear  cases  has  been 
general  for  a  number  of  years. 

At  first  thought  it  would  seem  as  though  aluminum  would  be 
entirely  unsuited  for  use  in  those  portions  of  internal  combustion 
engines  exposed  to  the  heat  of  the  explosion,  on  account  of  the  low 
melting  point  of  that  metal  and  its  disadvantageous  quality  of 
suddenly  "wilting"  when  a  critical  point  in  the  temperature  is 
reached.  Those  who  hesitated  to  use  aluminum  on  account  of  this 
defect  lost  sight  of  the  great  heat  conductivity  of  that  metal,  which 
is  considerably  more  than  that  of  cast  iron.  It  was  found  in  early 
experiments  with  aluminum  pistons  that  this  quality  of  quick  radi- 
ation meant  that  aluminum  pistons  remained  considerably  cooler 
than  cast  iron  ones  in  service,  which  was  attested  to  by  the  reduced 
formation  of  carbon  deposits  thereon.  The  use  of  aluminum  makes 
possible  a  marked  reduction  in  power  plant  weight.  A  small  four 
cylinder  engine  which  was  not  particularly  heavy  even  with  cast 
iron  cylinders  was  found  to  weigh  100  pounds  less  when  the 
cylinder  block,  pistons,  and  upper  half  of  the  crank  case  had  been 
made  of  aluminum  instead  of  cast  iron.  * 
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Q.    Explain  latest  types  of  battery  ignition. 

» 

A.  Because  of  t&e  almost  universal  employment  of  electricity 
for  lighting  and  starting  systems,  the  battery  ignition  system  has 
been  improved  materially  inasmuch  as  the  storage  battery  supply- 
ing the  current  is  constantly  charged  by  a  generator.  A  numbei. 
of  systems  haiS  been  devised,  these  operating  o^  two  different  prin- 
ciples, the  open  and  the  closed  circuit. 
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Fig.  348. — Atwater-Kent  Uni-Sparker  System. 

•  ■ 

One  of  the  best  known  of  the  short  contact  forms  of  timer  is  the 
Atwater-Kent,  which  is  usually  combined  with  a  secondary  dis- 
tributor as  shown  at  Pig.  349.  The  method  of  placing  this  timing 
and  distributing  member  in  circuit  is  clearly  shown  in  wiring 
diagram  Fig.  348.  The  advantage  of  a  timer  of  the  form  shown, 
as  contrasted  to  the  simple  type  previously  considered,  is  that  a 
one  unit  induction  coil  will  serve  any  number  of  cylinders  from 
2  to  8,  whereas  with  the  roller  type  a  separate'  induction  coil  is 
needed  for  each  cylinder  to  be  fired.  It  will  be  observed  that  the 
coile  used  with  the  Atwater-Kent  system  has  five  terminals,  four  of 
these  being  primary  terminals,  one  at  the  center  of  the  coil  box 
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A  secondary  or  high  tension  terminal.  A  set  of  six  dry  cells  con- 
.neeted  in  series  is  wired  to  one  side  of  the  coil  box  as  indicated. 
One  of  the  two  remaining  primary  terminals  runs  to  the  primary 
contact  at  the  bottom  of  the  interrupter,  the  other  to  a  grounding 
screw  attached  to  the  interrupter  casing.  The  secondary  terminal 
is  connected  to  the  central  terminal  of  the  distributor,  while  the 
remaining  four  terminals  are  joined  to  the  plugs  in  the  engine 
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Fig.  349.— Showing  CooBtractioa  of  Atwater-Kent  Uni-Sparker. 

■cylinders  in  such  order  as  to  insure  proper  sequence  of  explosions. 
The  external  view  of  the  Atwater-Kent  uni-sparker  is  shown  at 
Pig.  349,  A.  In  this  a  centrifugal  mechanism  is  contained  in  the 
lower  part  of  the  casing  by  which  the  sparli  is  automatically 
advanced  as  the  speed  of  the  engine  increases. 

The  only  points  that  will  wear  on  a  device  of  this  character  are 
the  contact  points  which  are  clearly  shown  in  the  view  of  the  con- 
"tnet  breaker  mechanism  at  B.    The  revolving  shaft  in  the  center 
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has  a  number  of  notches,  two,  three,  four,  six,  or  eight,  according: 
to  the  number  of  cylinders  to  be  fired,  cut  into  it.  A  light,  hard- 
ened steel  trigger,  B,  is  held  against  the  shaft  at  this  point  by  a 
small  spring.  On  turning  the  shaft  this  trigger  is  carried  forward 
by  the  notches  in  the  shaft,  and  is  suddenly  released  as  the  hook 
end  leaves  the  notch.  In  so  doing  the  back  of  the  trigger  strikea 
a  small  pivoted  hammer,  D,  situated  between  the  trigger  and  the 
spring  carrying  the  contact  points.  This  causes  the  contact  points,. 
K,  to  open  and  close  with  remarkable  rapidity,  but  one  contact 
being  made  for  each  spark.  When  it  is  desired  to  adjust  the  plati- 
num contact  points,  as  when  they  show  signs  of  wear,  it  is  only^ 
necessary  to  remove  one  or  more  of  a  number  of  extremely  thini 
washers  under  the  head  of  the  adjustment  screw  and  to  replace; 
the  screw.  The  contact  point  should  be  absolutely  clean  and  bright 
and  have  smooth  contacting  surfaces.  The  distributor  portion  of 
the  device  consists  of  a  hard  rubber  block  fitted  to  the  top  of  the- 
primary  shaft,  this  carrying  a  brass  quadrant  that  passes  the* 
high  tension  current  to  the  spark  plugs  by  means  of  the*  terminal! 
points  imbedded  in  the  hemispherical  cover.  There  is  mo  actual 
contact  between  the  rotating  quadrant  and  the  distributor  points,, 
as  the  high  tension  current  is  capable  of  jumping  the  very  slight 
gap  that  exists  between  them.  Owing  to  there  being  no  actual 
contact,  there  will  be  no  depreciation  in  the  distributor  or*  upper 
portion.  The  center  terminal,  which  is  in  connection  with  the 
induction  coil,  is  a  combination  of  carbon  and  brass,  and  a  light, 
flat  spring  on  the  quadrant  bears  against  it  to  maintain  positive 
electrical  connection.  The  distributor  cover  is  easily  removed  with- 
out the  use  of  tools,  as  it  is  held  by  spring  clips.  Location  or  dowel 
pins  in  its  lower  edge  insure  that  it  will  be  replaced  in  the  correct 
position. 

Q.    What  is  the  "closed  circuit"  system? 

A.  An  example  of  the  closed  circuit  system  is  shown  at  C,  Fig. 
350,  and  is  of  Connecticut  design,  the  complete  ignition  system 
consisting  of  a  combined  timer  and  high  tension  distributor,  a 
separate  induction  coil  and  a  switch.  The  system  is  distinctive  in 
that  the  timer  is  so  constructed  that  the  primary  circuit  of  the 
coil  is  permitted  to  become  thoroughly  saturated  with  electricity 
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before  the  points  separate,  with  a  result  that  a  spark  of  maximum 
intensity  is  produced.  The  action  is  very  much  the  same  as  that 
of  a  magneto  on  account  of  the  saturation  of  the  winding.  Another 
feature  is  the  incorporation  with  the  switch  of  a  thermostatically 
operated  electro-magnetic  device  which  automatically  breaks  the 
connection  between  the  battery  and  coil  should  the  switch  be  left 
on  with  the  motor  idle. 

The  contact  breaker  mechanism  consists  of  an  arm  A  carrying 
one  contact,  a  stationary  block  B  carrying  the  other  contact,  a 
fiber  roller  B  which  is  carried  by  the  arm  A  and  operated  by 
points  on  the  cam  C,  which  is  mounted  on  the  driving  shaft.  Nor- 
mally the  contacts  are  held  together  under  the  action  of  a  light 
spring.  As  the  four  cams,  which  in  touching  the  roller  i?  raise 
the  arm  and  separate  the  contacts,  are  90  degrees  for  a  four- 
cylinder  motor,  the  period  of  saturation  of  the  coil  or  the  length 
of  time  the  current  flows  through  it  to  the  battery  is  sufficiently 
long  so  that  when  the  points  have  separated  the  current  which  has 
"piled"  up  induces  an  intensely  hot  spark  at  the  plugs.  This  is 
an  adyantage  inasmuch  as  it  insures  prompt  starting  and  regular 
ignition  at  low  engine  speed  as  well  as  providing  positive  ignition 
at  high  engine  speed. 

The  thermostatic  circuit  breaking  mechanism  is  veiy  simple. 
This  consists  of  the  thermostat  T,  which  heats  when  the  current 
passes  through  it  for  from  thirty  seconds  to  four  minutes  without 
interruption,  and  thus  is  bent  downward,  making  contact  with  the 
contact  L,  This  completes  an  electrical  circuit  which  energizes 
the  magnets  M,  causing  the  arm  K  to  operate  like  the  clapper  in 
an  electric  bell.  This  arm  strikes  against  the  plate,  which  releases 
whichever  of  the  two  buttons  in  the  switch  may  be  depressed. 

As  will  be  observed,  the  transformer  coil  provided  has  five  ter- 
minals. One  of  these  is  directly  connected  with  the  ground,  the 
other  leads  to  the  central  secondary  distributing  brush  of  the  timer- 
distributor.  Of  the  three  primary  leads,  one  goes  to  the  switch, 
one  to  the  wire  leading  from  the  storage  battery  to  the  timer,  and 
one  directly  to  a  terminal  on  the  timer.  The  switch  is  provided 
with  three  buttons,  the  one  marked  B  being  depressed  to  start  the 
engine,  as  the  ignition  current  is  then  drawn  from  the  storage  bat- 
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tery.  After  the  engine  has  been  started  the  button  marked  M  is 
pressed  in,  this  taking  the  current  directly  from  the  generator.  To 
interrupt  ignition  the  button  "off"  is  pressed  in,  this  releasing 
whichever  of  the  buttons,  B  or  M,  is  depressed.  Four  wires  run 
from  the  distributor  section  of  the  igniter  to  the  spark  plug. 

Q.    Describe  Remy  ignition  system. 

A.  The  Remy  system  also  operates  on  the  closed  circuit  prin- 
ciple and  is  shown  at  A,  Fig.  350,  in  a  form  adapted  for  six-cylinder 
engine  ignition.  The  transformer  coil  is  of  the  three  terminal  type, 
one  secondary  going  to  the  central  secondary  distributing  brush  of 
the  timer  while  one  primary  is  joined  to  the  primary  contact  ter- 
minal of  the  timer  portion  of  the  igniter.  The  remaining  coil  ter- 
minal is  joined  to  the  switch.  One  of  the  poles  of  the  storage  bat- 
tery and  one  of  the  series  connected  dry  cell  batteries  are  grounded, 
while  from  the  other  two  the  wires  run  to  the  switch  contacts.  The 
current  may  thus  be  derived  either  from  the  dry  cell  batteries  for 
emergency  or  from  the  storage  battery  for  regular  ignition  purposes. 
The  construction  of  the  timer  which  incorporates  the  breaker  mech- 
anism  is  clearly  shown.  The  movable  platinum  contact  point  is 
carried  by  the  arm  A,  which  fulcrums  on  the  bearing  8,  and  which 
has  a  piece  of  hard  steel  F  riveted  to  it  to  act  as  a  cam  rider.  The 
cam  C  is  of  hexagonal  form,  having  six  points  which  separate  the 
contacts  when  they  ride  over  the  shoe  F  attached  to  the  arm  A. 
The  fixed  platinum  contact  point  B  is  so  arranged  that  it  may  be 
adjusted  by  moving  in  or  out  as  conditions  demand.  It  is  to  the 
member  that  the  primary  terminal  of  the  coil  is  connected. 

Q.    Describe  typical  timer  distributor. 

A.  A  typical  combined  timer  distributor  known  as  the  Halla- 
day  is  shown  at  B,  Fig.  350.  The  make  and  break  mechanism  is 
very  simple  in  design,  as  is  the  distributing  mechanism.  The  con- 
tact between  the  platinum  points  is  established  by  a  four  point 
cam.  The  secondary  current  is  distributed  from  the  central  ter- 
minal to  the  four  distributing  terminals  by  a  carbon  brush  very 
much  similar  in  design  to  that  employed  in  a  high  tension  magneto. 
This  operates  on  the  open  circuit  principle. 


LESSON  THIRTY-EIGHT 

ELECTRIC  STARTING  SYSTEMS 

Q^  Name  principal  types  of  motor  starters,  and  give  advan**' 
tages  of  most  popular  system. 

A.  Automatic  motor  starters  may  be  of  three  general  types^ 
mechanical  starters,  which  include  various  leverage,  spring  and. 
gearing  combinations  that  replace  the  starting  crank,  air  starters^ 
in  which  compressed  air  is  admitted  to  the  motor  cylinders  from  a. 
tank  where  it  is  stored  under  pressure,  and  electric  starters  where 
a  small  motor  is  employed  to  rotate  the  crank  shaft  by  some  direct 
mechanical  connection.  The  electric  starter  is  the  most  popular 
type  because  on  most  cars  electric  lighting  systems  may  be  operated 
from  the  same  battery  and  dynamo  that  siij)plie8  current  for  the^ 
starting  motor.  The  electric  starter  is  an  easily  operated  form 
and  can  be  proportioned  so  that  it  will  turn  an  engine  over  posi- 
tively. In  fact,  some  electric  starters  are  powerful  enough  to. 
actually  propel  the  car  a  short  distance. 

The  disadvantage  of  the  mechanical  starters,  which  comprise 
the  various  spring  and  lever  type,  is  that  they  depend  to  a  certain 
extent  on  human  power.  The  spring  of  a  spring  starter  is  capable 
of  giving  the  motor  eight  or  ten  brisk  turns  before  the  spring  will 
be  unwound  and  provision  is  made  for  automatically  rewinding  the 
spring  by  the  motor  power  as  soon  as  the  engine  starts.  If  the 
engine  fails  to  start,  owing  to  some  defect  in  carburetion  or  igni- 
tion, and  the  spring  becomes  unwound,  it  is  necessary  for  the 
operator  to  rewind  the  springs  by  means  of  a  small  crank  provided 
for  that  purpose,  a  somewhat  tedious  proceeding.  The  usual  form 
of  mechanical  starter  requires  almost  as  much  energy  to  start  the 
motor  as  is  needed  at  the  starting  crank  of  the  ordinary  pattern, 
the  only  advantage  being  in  most  cases  the  po-wer  plant  may  be 
put  in  motion  from  the  seat. 
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An  air  starter  system  has  a  disadvantage  in  that  the  air  is  apt 
to  cool  the  cylinders  and  prevent  proper  starting  on  account  of 
condensing  the  gas  and  also  preventing  the  cylinder  from  taking 
in  a  charge  of  good  rich  gas,  as  it  does  when  cranked  by  external 
means.  It  is  evident  that  the  air  supplied  the  cylinders  must 
dilute  the  entering  charge  of  gas  to  some  extent  as  well  as  prevent 
the  motor  from  taking  iji  the  proper  charges.  Several  air  starters 
have  been  designed  that  have  given  good  results  in  practice,  how- 
ever. 

Q.    Describe  t5^ical  air  starter  system. 

A.  A  typical  air  starter  system  is  shown  at  Fig.  351.  The  air 
is  supplied  by  a  four  cylin4er  air  pressure  pump  which  directs  it 
to  a  storage  tank,  through  a  suitable  return  check  valve.  A  pipe 
leading  from  the  storage  tank  goes  to  a  distributor  fitting,  driven 
by  the  motor,  which  directs  an  air  current  only  to  the  cylinder 
which  is  at  the  firing  point  when  the  main  operating  valves  are 
opened.  The  air  is  directed  against  the  top  of  the  piston  and  as 
it  has  a  pressure  of  150  or  160  pounds  per  square  inch  it  will  give 
a  series  of  initial  impulses  to  the  pistons  and  turn  over  the  crank 
skaf t-  until  the  charge  of  gas  drawn  into  one  of  the  cylinders  while 
the  shaft  is  rotating  explodes  and  permits  the  engine  to  take  up 
its  cycle  of  operation.  The  system  shown  was  used  on  early  Clialmers 
cars  and  a  similar  system  was  incorporated  in  the  Winton  auto- 
mobile as  well.  An  advantage  of  the  air  starting  system  is  that 
one  always  has  a  supply  of  fresh  cool  air  under  pressure  to  blow 
up  tires  with.  A  simple  valve  is  included  in  the  pipe  line  so  a 
rubber  hose  may  be  run  from  the  dash  to  any  one  of  the  tires 
needing  inflation. 

Q.  How  do  mechanical  starters  work  and  describe  some 
t5^ical  forms. 

A.  While  different  makes  of  cars  have  been  marketed  using  air 
starting  systems,  there  has  been  no  car  offered  with  a  mechanical 
starter,  so  wherever  these  are  used  they  have  been  applied  by  the 
owner  of  the  vehicle  and  not  the  manufacturer.  Owing  to  the 
wide  distribution  of  the  Ford  automobile,  and  the  fact  that  the 
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makers  make  no  provision  for  a  self -starting  motor,  various  forms 
of  simple  starters  by  which  the  motor  may  be  cranked  from,  the 
seat  have  been  offered.  Two  of  these  are  shown  at  the  top  of 
Fig.  352.  That  at  A  consists  of  a  rachet  clutch  which  is  attached 
to  the  starting  end  of  the  crankshaft  and  which  is  operated  by 
means  of  chain  connection  with  the  smaller  pulley  of  a  two  diam- 
eter pulley  wheel.  The  larger  wheel  carries  a  wire  cable  which 
is  attached  to  a  straight  rod  running  through  the  dash  board  and 
terminating  in  a  handle  convenient  to  the  driver^s  hand.  A  pull 
on  the  spade  type  handle  provided  at  the  end  of  the  rod  will  move 
the  pulley  wheel  and  produce  a  corresponding  movement  of  the 
starting  rachet  which  turns  the  engine  crankshaft  over  in  the  same 
way  as  the  hand  crank  does.  A  modification  of  the  device  shown 
at  A  is  outlined  at  B.  This  works  on  the  same  principle,  except 
that  an  odd-shaped  member  is  used  to  turn  over  the  engine  crank- 
shaft. These  devices  are  in  no  sense  of  the  word  "self-starters,'* 
but  on  light  motor  cars  they  provide  an  effective  substitute  in 
that  the  engine  may  be  turned  over  without  undue  exertion  and 
without  leaving  the  seat.  This  is  an  advantage  of  some  moment 
when  the  engine  stalls  in  traflSc,  or  under  conditions  where  it  would 
l)e  inconvenient  to  get  out  of  the  car. 

Q.    Do  all  mechanical  starters  attach  to  the  front  of  the  engine 
•crankshaft? 

A.  Two  types  of  mechanical  starters  known  as  the  Wilkinson 
are  shown  at  the  bottom  of  the  illustration,  Fig.  352.  The  one  at 
D  is  operated  by  pulling  a  handle  on  the  dash,  the  one  at  (7  by  a 
pedal  designed -for  foot  actuation.  The  mechanism  is  such  that 
the  flywheel  is  pushed  around  by  a  lever  which  will  engage  with 
•either  a  stud  or  a  shoulder  on  the  flywheel.  The  type  at  the  left 
uses  the  studded  flywheel,  there  being  four  of  these  marked  ^'S.** 
When  the  arm  C  is  moved  by  depressing  a  pedal,  the  finger  A 
contacts  with  one  of  the  stubs  and  turns  the  flywheel.  Return 
-engagement  is  produced  by  the  large  spring  shown.  In  order  to 
minimize  liability  of  injury  from  backfire,  the  Wilkinson  device 
is  constructed  so  that  the  pawl  D  rises  on  the  cam  which  bears 
against  the  collar  E,  and  thus  throws  the  finger  out  of  engage- 
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ment   with   the   stud.       One    thrnst   of   the   pedal  will  tnm  the 
flywheel    of   a    fonr-cylinder   engine    sufficiently    to    cause    one 

cylinder    to    fire    should    ignition    and    earhnretion    systems   be 
functioning  properly.       The  type  at  Z>  is  just  as  simple,  but  is 


Fig.  353. — Sbowine  Construction  of  Mechanical  Devices  lot  Starting  Gaio- 


ine 


Engine  from  the  Operator*!  Seat. 


modified  somewhat  in  its  construction.  In  this  a  tiand  lever  is 
used  to  rotate  the  flywheel,  and  instead  of  using  studs  on  the 
flywheel  rim,  four  shoulders  in  the  interior  periphery  do  the  work. 
These  shoulders  may  be  cast  with  the  wheel,  or  in  some  cars  it  is 
possible  to  have  them  cut  in  the  flywheel.  The  operation  is  the 
same  as  that  of  the  type  previously  described  as  the  movement  of 
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the  cable  causes  the  finger  to  engage  with  one  of  the  shoulders, 
and  thus  turn  the  fljrwheel. 

Q.   How  do  electric  starters  work  and  how  are  they  classified? 

A.  Electric  lighting,  cranking  and  ignition  systems  for  motor 
cars  are  of  such  recent  development  that  it  is  not  possible  to 
describe  all  systems  used  for  this  purpose.  Not  only  do  the  indi- 
vidual systems  vary  in  detail,  but  the  components  of  the  same 
system  are  often  of  different  construction  when  used  on  cars  of 
different  makes.  The  standard  equipment  must  include  three  im- 
portant functions,  namely,  the  generator  which  is  driven  by  the 
engine  end  which  produces  electric  current  to  keep  a  storage  bat- 
tery charged,  and  the  starting  motor  which  is  in  mechanical  con- 
nection with  the  engine  and  in  electrical  connection  with  the 
storage  battery  when  it  is  desired  to  turn  the  engine  over  for 
starting.  If  the  motor  and  generator  are  combined  in  one  instru- 
ment the  starting  system  is  known  as  a  one  unit  type.  If  the 
motor  is  one  appliance  and  the  generator  another,  the  system  is 
said  to  be  a  two  unit  system.  Each  of  these  has  advantages,  and 
bolji  forms  have  demonstrated  that  they  are  thoroughly  practical. 

Q.    Name  other  parts  of  electric  starting  system. 

A.  In  addition  to  the  three  main  items  enumerated,  various 
accessories,  such  as  switches,  ammeters,  connectors,  wiring,  pro- 
tective circuit  breakers,  automatic  current  regulators,  etc.,  are 
necessary  for  the  convenient  distribution  and  control  of  the  electric 
current. 

Q..  Describe  arrangement  of  parts  of  "one  unit"  system. 

A.  The  elements  of  a  one  unit  system  are  shown  in  diagram 
form  at  the  bottom  of  Fig.  353.  It  will  be  observed  that  the  arma- 
ture carries  two  commutators,  one  of  which  is  used  when  the  arma- 
ture is  driven  by  the  engine,  and  when  the  device  serves  as  a 
current  generator,  the  other  being  employed  when  the  operating 
conditions  are  reversed  and  the  electrical  machine  is  acting  as  a 
motor  to  turn  over  the  engine  crankshaft.  "When  the  device  is 
driven  as  a  generator  the  small  sliding  pinion  on  the  short  end 
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Fig;.  35  J. — Dia^ams  Showins  Relation  of  Parts  of  TTpical  Electrical  Start- 
iDE  Systems.  That  at  Top  is  a  Three  Unit  while  that  Depicted  Belcrw 
is  a  One  Unit  Form. 
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of  the  shaft  i«  out  of  engagement  with  the  spur  gear  cut  on  the 
fljrwheel  exterior.  When  it  is  desired  to  start  the  engine  the  spur 
gear  is  meshed  with  the  member  cut  on  the  flywheel  and  the  cur- 
rent from  the  storage  battery  is  directed  to  the  windings  of  the 
electric  machine  which  becomes  a  motor  and  which  turns  over  the 
engine  crankshaft.  When  the  device  is  working  as  a  generator 
the  current  that  is  developed  goes  to  the  storage  battery,  and  f rona 
that  member  to  the  various  current  consuming  units. 

Sometimes  the  motor  and  generator  are  combined  in  one  casing 
and  the  system  so  provided  is  erroneously  called  a  "one  unit" 
system.  In  reality  such  a  system  is  a  two  unit  system,  because 
the  electrical  machines  are  uni-functional  instead  of  performing  a 
dual  function  as  does  the  combined-motor-generator  at  the  right  of 
the  illustration.  The  wiring  of  the  one  unit  system  is  shown  in 
simplified  form  and  should  be  easily  followed  by  any  motorist. 

Q.    Outline  arrangement  of  parts  of  "two  unit"  system. 

A.  The  parts  of  a  two  unit  starting  and  lighting  system  are 
shown  at  Fig.  353.  This  system  is  sometimes  called  a  "three  unit^' 
system,  on  account  of  having  a  source  of  independent  current 
supply  for  ignition  purposes.  This  is  shown  as  fitted  to  the 
Overland  six-cylinder  engine  at  Fig.  354.  As  will  be  observed, 
the  generator  in  the  diagram  is  driven  from  the  motor  crankshaft 
by  silent  chain  connections,  one  of  the  terminals  passing  through 
the  cut-out  device  and  to  the  storage  battery,  the  other  terminal 
running  directly  to  the  storage  battery  terminal  having  a  short 
by-pass  or  shunt  wire  attached  to  the  cut-out.  AH  the  time  that 
the  engine  is  running  the  generator  is  delivering  electricity  to 
the  storage  battery. 

It  will  be  seen  that  the  storage  battery  is  also  coupled  to  the 
lighting  circuits  which  are  shown  in  a  group  at  the  right  of  the 
illustration,  and  to  the  electric  starting  motor  as  indicated.  One 
of  the  storage  battery  terminals  is  joined  directly  to  the  switch 
tenainal  by  a  suitable  conductor,  the  other  goes  to  one  of  the 
terminals  on  the  starting  motor,  while  the  remaining  terminal  of 
the  starting  motor  goes  to  the  switch.  In  this  system,  when  the 
small  sliding  pinion  is  meshed  with  the  flywheel  gear,  the  switch 
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is  tbrown  on  simultaneotiBly,  and  the  current  that  flows  from  the 
storage  battery  through  the  windings  of  the  starting  motor  rotates 
the  engine  crankshaft  by  means  of  reduction  gears  shown.  As 
soon  as  the  engine  starts  the  foot  is  released  and  a  spring  polls 
the  switch  out  of  contact,  and  also  disengages  the  sliding  pinion 
from  the  flywheel  gear. 


k^^i 

w^^r^ 

^"IJSPyL  : 

iti.   B^^r 

Q.  What  is  the  difference  between  a  "three  unit"  and  the 
others  described?  -^  ^     ' 

A.  In  referring  to  a  system  a^  a  one  unit  system  of  lighting, 
starting  and  ignition,  one  means  that  all  of  these  functions  are 
incorporated  in  one  device,  as  in  the  Delco  system.  If  one  unit 
is  used  for  generating  the  lighting  and  starting  current,  and  also 
is  reversible  to  act  as  a  motor,  but  a  separate  ignition  means  is 
nrovided  such  as  a  high  tension  magneto,  the  system  is  called  a 
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^ftwo  unit^'  system.  The  same  designartion  applies  to  4^  system 
^hen  the  current  generating  and  ignition  functions  are  performed 
by  one  appliance,  and  \^ei*e  a  separate  starting  moto?'  is  used.  The 
three  unit  system  is  that  in  which  a  magneto  is  employed  for 
ignition,  a  generator  for  ^tipplying  the  lighting  and  starting  cur 
rent,  and  a  motor  for  turiii^^Qver  the  engine  crankshaft.  Bfefore 
describing  the  individua],,ia^^eins  it  would  be  well  to  review  briefly 
the  various  components  commbn  to  all  systems. 

The  actual  appearance  of  a  motor  fitted  with  a  two  unit,  motor 
starting  ignition  and  lighting  system  is  shown  at  Fig.  355.  It 
will  be  observed  that  the  generator  is  driven  from  the  pumpshaft 
extension  by  a  leather  universal  joint,,  while  the  starting  motor  is 
mounted  at  the  back  end  of  the  crankshaft  in  such  a  position  that 
the  automatic  sliding  pinjon  tnay  JDe  brought  into  engagement  with 
the  flywheel  driving  geai^ir ^*~ 

Q.  What  voltage  current  is  usually  employed  in  connection 
with  electric  starting  and  lighting  systems? 

A.  Electrical  starting  systems  are  usually  operated  on  either 
six  or  twelve,  volt  current,  the  former  being  generally  favored 
because  the  six- volt  lamps  use  heavier  filaments  than  those  of  high 
voltage,  and  are  not  so  likely  to  break,  due  to  vibration.  It  is 
also  easier  to  install  a  six  volt  battery,  as  this  is  the  standard 
voltage  that  has  been  used  for  several  years  for  ignition  and 
electric  lighting  purposes  before  the  starting  motors  were  applied. 
Some  systems  in  which  the  motor-generator  is  part  of  the  flywheel 
use  twenty-four  volt  or  twelve  cell  batteries. 

Q.    What  is  the  purpose  of  the  generator? 

A.  The  generator,  as  is  apparent  from  its  name,  is  utilized  for 
producing  current.  This  is  nsually  a  miniature  dynamo  patterned 
largely  after  those  that  have  received  wide  application  for  gen- 
crating  current  for  electric  lighting  of  our  homes  and  factories. 
The  generators  of  the  different  systems  vary  in  construction.  Some 
have  a  permanent  magnetic  field,  while  others  have  an  excited  field. 
In  the  former  case  permanent  horseshoe  magnets  are  used  as  in  a 
magneto.     In  the  other  construction  the  field  magnets,  as  well  as 
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the  armature,  are  wound  with  coils  of  wire.  In  all  cases  the 
dynamo  or  generator  should  be  meehanieally  driven  from  the 
engine  crankshaft  either  by  means  of  a  direct  drive,  by  silent 
chain,  or  through  the  medium  of  the  timing  or  magneto  operating 
gears.    Belts  are  apt  to  slip  and  are  not  rehable. 

Q.    What  is  the  storage  battery  for? 

A.  All  the  current  produced  by  the  generator  and  not  ntilized 
by  the  various  current  consuming  units  such  as  the  lamps,  ignition 
system,  electric  horn,  etc.,  is  acciunulated  or  stored  in  the  storage 
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battery,  and  kept  in  reserve  for  starting  or  lighting  when  the 
engine  is  not  running  or  for  lighting  and  ignition  when  the  car 
is  being  run  at  such  low  speed  that  the  generator  is  not  supplying 
current.  Storage  batteries  used  in  starting  systems  must  be  of 
special  design  in  order  to  stand  the  high  discharge  and  to  perform 
efficiently  under  the  severe  vibration  and  operating  conditions 
incidental  to  automobile  service.  The  storage  battery  may  be 
installed  on  the  running  board  of  the  automobile,  under  the  body, 
or  under  the  front  or  rear  seat,  the  location  depending  upon  the 
design  of  the  car  and  the  degree  of  accessibility  desired.  The  best 
practice  is  to  set  the  storage  battery  in  a  substantial  carrying  ease 
held  by  rigid  braces  attached  to  the  frame  side  and  cross  mem- 
bers. If  the  battery  should  be  set  under  the  tonneau  floor  boards, 
a  door  must  be  provided  in  these  t<i  give  ready  access  to  the 
battery. 
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Q.    How  does  the  starting  motor  differ  from  the  generator? 

A.  The  starting  motor,  which  takes  the  place  of  the  common 
hand  crank,  is  operated  by  current  from  the  storage  battery,  and 
the  high  speed  armature  rotation  is  reduced  to  the  proper  crank- 
ing spcied  by  reduction  gears  of  the  different  forms  to  be  described 
in  proper  sequence^  The  construction,  of  the  starting  motor  is 
practically  the  same  as^  *lffct  of  the  dynamo,  and  it  operates  on  the 
same  principle,  except  |i^t  one  instrument  is  a  reversal  of  the 
other.  ' 

Q.    What  is  the  "cut-out"  or  automatic  circuit  breaker? 

A.  In  order  to  secure  automatic  operation  of  a  lighting  and 
starting  system  several  mechanical  and  electrical  controls  are 
needed,  these  including  the  circuit  breaker,  the  governor,  which 
may  be  either  mechanical  or  electrical,  and  the  operating  switches. 
The  circuit  breaker  is  a  device  to  detain  current  in  the  storage 
battery  under  such  conditions  that  the  battery  current  is  stronger 
than  that  delivered  from  the  generator.  If  no  circuit  breaker  was 
provided  the  storage  battery  could  discharge  back  through  the 
generator  winding.  The  circuit  breaker  is  sometimes  called  a 
"cutout.^^  The  circuit  breaker  is  usually  operated  by  an  electro 
magnet,  and  may  be  located  either  on  the  generator  itself  or'  any 
other  convenient  place  on  the  car,  though  in  many  cases  the  cir- 
cuit breakers  are  usually  mounted  on  the  back  of  the  dashboard. 
This  device  is  absolutely  automatic  in  action  and  requires  but 
little  attention. 

Q.    How  is  the  current  output  of  the  generator  controlled? 

A.  The  governors  are  intended  to  prevent  an  excessive  output 
of  current  from  the  generator  when  the  engine  runs  at  extremely 
high  speed.  Two  types  are  used:  one  mechanical,  operated  by 
centrifugal  force  as  at  Fig.  356,  and  the  other  electrical  as  depicted 
at  Fig.  358.  The  former  is  usually  a  friction  drive  mechanism 
mounted  in  the  generator  shaft  which  automatically  limits  the 
speed  of  the  dynamo  armature  to  a  definite  predetermined  number 
of  revolutions  per  minute.     The  maximum  current  output  is  thus 
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held  to  the  required  amount  independently  of  the  speed  at  which 
the  car  is  being  driven.    The  use  of  this  device  minimizea  the  pos- 


sibility of  overheating  the  generator  or  overcharging  the  battery 
at  high  car  speeds.  The  electrical  system  of  governing  does  not 
■  affect  the  speed  of  the  armature,  but  controls  the  output  of  the 
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generator  by  means  of  armature  reaction,  a  reversed  series  field 
winding  or  weakening  the  magnetic  field  in  some  way  when  the 
engine  speed  is  excessive.  The  governors  usually  permit  a  maxi- 
mum generator  output  of  from  ten  to  twelve  amperes,  though  the 
normal  charging  current  is  less  than  this  figure. 

Q.    How  is  a  generator  wound  for  ^'inherent"  regulation? 

A.  The  Westinghouse  generators  for  example,  with  inherent 
regulation  have  a  compound  field  winding.  The  battery  charging 
current  passes  through  the  series  winding  in  such  direction  that 
any  increase  in  the  battery  charging  current  tends  to  reduce  the 
voltage  generated,  so  that  the  battery  is  never  charged  at  an 
excessive  rate.  When  the  lights  are  burning,  however,  current 
flows  through  this  series  winding  in  the  reverse  direction,  increasr- 
ing  the  output  of  the  generator  and  causing  it  to  assist  the  battery 
in  carrying  the  load.  With  the  usual  lamp  equipment,  this  in- 
crease in  generator  output  is  sufficient  to  operate  the  lamps  with- 
out any  demand  on  the  battery  at  ordinary  running  speeds.  At 
low  speeds  the  battery  supplies  a  certain  proportion  of  the  lighting 
current,  and  when  the  engine  is  not  running,  the  battery  supplies 
the  entire  demand. 

Q.  How  do  generators  with  automatic  potential  regulators 
work? 

A.  The  generators  with  automatic  potential  regulators  main- 
tain constant  voltage  regardless  of  whether  the  battery  is  con- 
nected to  the  system  or  not.  The  characteristics  are  such  that  the 
battery-charging  current  tapers  off  as  the  battery  charge  increases, 
being  very  large  when  the  battery  is  in  a  discharged  condition 
and  of  low  value  when  the  battery  is  fully  charged.  The  voltage 
is  independent  of  the  speed  and  the  amount  of  lighting  load.  The 
regulator  consists  of  a  vibrating  armature  that  intermittently 
short-circuits  a  high  resistance  in  series  with  the  shunt  field  wind- 
ing of  the  generator,  the  length  of  the  short-circuit  period  depend- 
ing on  the  load  on  the  generator. 
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Flff.35»^Front  View  of  King  Eight  Cylinder  Power  Plant  Showing 
Silent  Chain  Drive  to  Generator. 

Q.    How  does  the  motorist  know  that  an  electrical  system  is 
working  correctly? 

A.     In  practically  all  systems  an  amperemeter  ia  mounted  on 
the  dash  so  that  it  can  be  readily  inspected  by  the  driver,  this 


636  Questions  and  Answers 

indicating  at  all  times  the  amount  of  current  being  produced  by 
the  dynamo  or  drawn  from  the  battery.  If  the  indicating  needle 
of  the  amperemeter  points  to  the  left  of  the  zero  point  on  the 
scale,  it  means  that  the  battery  is  furnishing  current  to  the  lights 
or  other  current  consuming  units  or  discharging.  "When  the 
needle  points  to  the  other  side  of  the  scale,  it  means  that  the 
generator  is  delivering  current  to  the  battery  which  is  charging 
it,  the  amount  of  charge  or  discharge  at  any  time  can  be  read 
from  the  scale  on  the  face  of  the  amperemeter.  Some  of  these 
instruments  have  the  words  "charge"  and  "discharge'^  under  the 
scale  in  order  to  enable  the  operator  to  read  the  instrument 
correctly. 

Q.    What  types  of  switches  are  used  and  how  do  they  differ? 

A.  Another  important  element  is  the  lighting  switch,  which  is 
usually  mounted  at  some  point  within  convenient  reach  of  the 
car  driver.  This  is  often  placed  on  an  instrument  board  on  the 
back  of  the  cowl  in  connection  with  other  registering  instruments. 
As  ordinarily  constructed,  the  i^witches  are  made  up  of  a  number 
of  units,  and  the  wiring  is  such  that  the  head,  side  and  tail  lamps 
may  be  controlled  independently  of  each  other.  For  simplicity 
and  convenience  of  installation,  the  switch  is  usually  arranged  so 
that  all  circuits  are  wired  to  parallel  connecting  members  or 
"busbars"  placed  at  the  rear  of  the  switch.  In  some  cars,  as  the 
latest  Overland  and  the  White  models,  the  switch  units  are  placed 
,on  the  steering  column.  As  but  little  current  passes  through  the 
lighting  switch  the  contacts  are  not  heavy  in  construction  as  are 
those  of  the  starting  switch. 

The  function  of  the  starting  switch  is  to  permit  the  current  to 
flow  from  the  storage  battery  to  the  starting  motor,  when  it  is 
necessary  to  start  the  car.  It  is  arranged  usually  so  as  to  be  readily 
operated  by  the  foot  and  is  nearly  always  installed  at  some  con- 
venient position  on  the  toe  board  of  the  car.  As  we  have  pre- 
viously shown,  the  starting  switch  is  often  interlocked  with  the 
starting  motor  gearing  so  that  the  operation  of  engaging  the 
gear  with  the  flywheel  and  of  turning  on  the  current  to  the  start- 
ing motor   are  accomplished  simultaneously.     The  lighting  and 
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motor  starting  wiring  systems  are  independent  of  each  other,  and 
may  be  easily  found  as  that  used  to  conVey  the  high  amperage 
starting  current  is  of  heavy  round  single  conductor  cable,  while 
the  'lighting  wiring  is  usually  a  light  multiple  strand  cable.  In 
order  to  prevent  chafing  and  depreciation  of  the  insulation  the 
wiring  is  often  protected  by  conduits  of  a  flexible  metal  tubing, 
and  the  terminals  are  extremely  heavy  and  well  adapted  to  resist 
the  vibration  which  is  unavoidable  in  automobiles. 

Q.    How  are  current  generators  driven? 

A.  When  electric  lighting  was  first  applied  to  automobiles  it 
was  not  considered  necessary  to  drive  the  geiierators  by  positive 
connection,  and  the  early  devices  were  furnished  with  pulleys 
for  flat  or  V  belt  drive.  -At  the  present  time  it  is  considered  highly 
important  to  provide  a  positive  mechanical  connection  that  will 
not  slip  between  the  generator  and  the  engine  crankshaft.  The 
common  systems  where  the  generator  is  a  separate  unit  from  the 
starting  motor  and  in  those  fcrms  where  the  starting  and  gen- 
erating functions  are  combined,  involve  a  connection  with  the 
motor  crankshaft  through  some  form  of  gearing.  As  shown  in 
Fig.  355,  the  generator  is  driven  by  means  of  a  leather  universal 
joint  connection  with  an  extension  of  the  pump  shaft.  The  motor 
crankshaft  imparts  its  power  through  the  camshaft  timing  gear 
to  the  small  pinion  utilized  in  driving  the  water  pump.  In  some 
generator  applications  a  belt  is  used,  and  at  Fig.  359  the  arma- 
ture is  rotated  by  silent  chain  connection  with  a  gear  on  the  motor 
crankshaft.  There  is  not  the  diversity  of  drives  for  the  generator 
as  there  is  in  the  methods  of  connecting  the  starting  motor  to  the 
end  of  the  crankshaft. 

Q.    What  are  the  advantages  of  silent  chain  drive? 

A.  In  describing  the  advantages  of  silent  chain  drive  the 
Dyneto  Company  writes  as  follows:  ^^The  exact  type  of  drive 
selected  must,  of  course,  depend  upon  conditions.  If  possible,  use 
a  silent  chain  drive,  direct  to  the  crankshaft,  with  a  suitable  cas' 
ing  so  that  the  chain  can  run  in  oil  with  all  dirt  excluded.  In 
our  opinion  this  will  give  the  most  quiet,  durable  and  efficient 
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drive  obtainable.  We  recommend,  when  space  allows,  the  use  of 
chains  of  ^"  pitch  x  i^"  width.  When  sprockets  of  small  diam- 
eter must  be  used,  chains  of  %''  pitch  x  1"  width  wiU  be  satis- 
factory. Sprockets  of  less  than  15  teeth  should  never  be  used; 
17  teeth  would  be  much  better.  The  efficiency  of  a  good  chain 
drive,  well  installed,  is  from  94  to  96%.  If  a  gear  drive  is  used, 
the  gears  must  be  of  the  best  material  and  large  enough  to  stand 
up  under  the  enormous  strains  of  starting.  It  is  usually  impos- 
sible to  design  a  suitable  gear  drive  of  single  reduction,  and  where 
three  of  four  gears  are  used  the  drive  is  apt  to  be  noisy,  and 
certainly  will  be  very  inefficient.  In  tests  of  drives,  using  four 
gears  in  the  train,  spiral  cut  teeth,  we  have  found  an  efficiency  of 
less  than  65%.  A  useless  waste  of  35%  makes  it  necessary  to  use 
a  larger  starter,  a  larger  battery,  larger  wires,  and  in  fact  the 
whole  outfit  must  be  much  larger  than  otherwise  would  be 
necessary.^^ 

Q.  How  is  the  starting  motor  connected  to  the  engine  crank- 
shaft to  rotate  it  for  starting? 

A.  In  order  to  show  the  variety  of  driving  means  used  in 
connecting  the  starting  motor  to  do  the  work  of  turning  over 
the  engine  crankshaft,  the  leading  systems  have  been  grouped  in 
one  illustration  at  the  top  of  Fig.  360.  Starting  from  the  front 
of  the  motor,  the  first  method  shown  is  by  means  of  a  worm  gear 
initial  or  primary  reduction  and  chain  connection  from  the  worm- 
driven  shaft  to  the  motor  crankshaft.  In  some  cars  the  worm 
reduction  is  used  having  the  starting  motor  mounted  at  the  side 
of  the  change  speed  gear  box  instead  of  attached  to  the  motor 
crankshaft.  The  reduction  in  speed  may  be  by  means  of  the  spur 
gears  and  chain,  as  shown  at  A-2,  or  by  a  chain  to  a  shaft  con- 
nected with  the  timing  gear,  as  in  A-3.  The  method  at  A-4  is 
a  very  popular  one,  including  a  reduction  to  an  intermediate 
shaft,  which  carries  a  sliding  pinion  designed  to  engage  the  gear 
on  the  fiywheel  rim.  The  method  at  A-5  is  used  with  the  Rush- 
more  starter,  the  pinion  being  brought  into  direct  engagement 
with  the  gear  on  the  flywheel  by  the  axial  movement  of  the  arma- 
ture when  the  current  is  supplied  to  the  field  winding.    The  method 
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at  A-6  permits  of  attaching  the  etarting  motor  secnrely  to  the 
frame  side  member  at  a  point  Dear  the  gear  box,  where  it  will 
be  out  of  the  way  and  not  interfere  with  the  accessibility  of  the 
power  plant.  When  mounted  in  this  manner  the  drive  is  by  a 
double  universally  jointed  shaft  to  a  small  silent  chain  sprocket, 


Fig.  360.— Diagram  Showing  Methods  of  Trmnsmitting  Power  of  Starting 
Motor  to  Gasoline  Engine  at  A.  Simplified  Diagram  at  B  Depicts 
Means  of  Interconnecting  Starting  Switch  and  Motor  Starting  Gear, 

which  connects  to  a  much  larger  member  attached  to  the  engine 
flywheel  or  crankshaft. 

Q.    What  is  the  most  popular  mechanical  pinion  shift  for  start- 
ing motors? 

A,     The  complete  system  shown  at  Fig.  360-B,  is  the  next  most 
popular  of  all  that  have  been  used.     This  shows  the  application 
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of  the  starting-motor,  outlined  at  A-4.  The  mechanical  interlock 
between  the  sliding  pinion  on  the  intermediate  shaft  and  the 
starting  switch  is  clearly  shown.  Before  the  pinion  engages  the 
gear  on  the  flywheel  rim  the  switch  makes  contact,  but  owing  to 
the  resistance  interposed  in  circuit  the  motor  will  turn  slowly  to 
permit  of  more  ready  engagement  of  the  sliding  pinion.  As  soon 
as  the  pinion  is  fully  engaged  with  the  large  gear  the  resistance 
is  cut  out  and  the  motor  draws  what  current  it  needs  from  the 
storage  battery,  this  being  enough  to  produce  the  torque  neces- 
sary to  turn  over  the  engine  flywheel  and  the  crankshaft  to  which 
it  is  attached  at  such  speed  as  will  produce  prompt  starting.  A 
system  of  this  nature  used  on  the  Hupmobile  in  connection  with 
the  Bijur  starter  is  shown  at  Fig.  361.  In  this  the  pinion  is 
shifted  by  a  spring  connection  as  outlined  at  A  instead  of  a  direct 
rigid  coupling.  This  makes  it  easier  to  engage  the  pinion  as  the 
switch  can  make  contact  as  at  D  and  the  spring  will  draw  the 
pinion  in  mesh.  The  spring  is  also  useful  under  the  conditions 
shown  at  B  where  the  pinion  engages  readily  but  the  switch  has 
not  yet  made  contact. 

Q.    What  is  an  "overrunning"  clutch  and  what  is  its  purpose? 

A.  The  construction  of  a  typical  overrunning  clutch  is  clearly 
shown  at  Fig.  362.  The  electric  starting  motor  is  secured  to  a 
base  on  the  crankcase  of  the  gasoline  engine  and  the  motor  power 
is  imparted  through  the  medium  of  the  small  gear  F  carried  by 
the  armature  shaft.  This  drives  gear  E,  which  turns  at  a  lower 
speed  on  account  of  being  larger,  and  that  in  turn  engages  with 
gear  D,  which  is  still  larger  in  diameter.  The  small  pinion  C, 
which  turns  much  slower  than  the  motor  pinion  F,  meshes  with 
the  large  gear  B  attached  to  the  clutch  body.  The  use  of  this  gear- 
ing provides  a  reduction  of  40  to  1,  which  means  that  gear  F  must 
make  40  revolutions  to  one  of  the  clutch  body. 

The  ratchet  or  driven  member  of  the  overrunning  clutch  L  is 
pinned  to  the  engine  crankshaft  and  revolves  with  it  when  the 
motor  is  operating,  rotating  inside  of  the  gear  B,  having  a  bearing 
at  K  and  turning  in  the  direction  of  the  arrow.  The  member  L 
has  three  flat  surfaces,  M,  cut  at  an  angle  to  the  inside  of  the 
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gear  B.  On  each  of  these  a  hnrdened  steel  roller.  A,  is  l.pld  inaide 
of  the  gear  by  a  light  spring  and  against  the  flat  surface  of  the 
member  L.  The  roller  travels  with  the  clutch  and  runs  free  against 
the  side  of  the  gear  B  when  the  engine  is  in  motion  and  when  the 
starting  gears  are  idle.  As  soon  as  the  current  is  directed  to  the 
electric  fltarting  motor,  the  three  rollers  are  bound  between  the 
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clutch  body  and  the  rachet  member  carrying  them  and  the  erank- 
ehaft  is  driven  until  such  time  as  the  engine  speed  increases  suf- 
ficiently to  overrun  that  of  the  member  attached  to  the  crank- 
shaft. 

Q.    What  is  the  "automatic"  pinion  shift? 

A.  This  is  what  is  now  becoming  the  most  popular  method  of 
connecting  the  starting  motor  to  the  engine.  A  pinion  is  provided 
with  a  spiral  thread  inside  and  fits  a  corresponding  thread  on  the 
motor  shaft.     The  angle  of  the  thread  is  such  that  as  the  switch 
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is  depressed  and  the  motor  started,  the  rotation  of  the  arma- 
ture shaft  screws  the  pinion  in  and  meshes  it  with  the  flywheel 
gear.  As  soon  as  the  gasoline  engine  starts,  it  automatically  shifts 
the  pinion  out  of  engagement  with. the  flywheel  gear  teeth. 

Q.  What  is  the  Delco  starting,  lighting  and  ignition  system, 
and  how  does  it  operate? 

A.  One  of  the  most  popular  systems  is  that  shown  at  Fig.  364,. 
which  is  a  complete  starting,  lighting  and  ignition  system  using 
a  single  unit  to  perform  the  three  functions.  This  is  the  Delco 
system  and  was  the  first  really  practical  self -starting  assembly  to 
receive  general  application.  It  is  of  a  single  wire  or  ground  type^ 
which  means  that  one  side  of  the  storage  battery  is  directly  con- 
nected to  the  frame  of  the  car,  only  one  wire  being  carried  to  the 
various  lamps  and  other  current  consuming  units.  The  motor 
generator  is  a  single  unit  type  and  includes  the  ignition  distributor 
and  timer,  which  is  tuilt  in  the  front  end  of  the  housing.  The 
operation  of  the  motor  generator  will  be  more  clearly  understood 
if  one  views  it  first  merely  as  an  electric  motor,  suitably  connected 
with  the  engine  to  turn  the  crankshaft  and  then  by  an  ingenijou» 
shifting  of  the  internal  mechanism  as  a  generator  for  charging  the 
storage  battery  and  to  furnish  current  for  the  lights  and  ignition, 
at  this  time  being  so  arranged  that  the  generator  is  turned  by  the 
engine. 

When  used  as  a  motor,  it  operates  on  the  series  wound  principle 
and  has  a  spur  gear  pinion  upon  the  end  of  the  armature  shaft 
nearest  the  fiy-wheel.  Interposed  be.tween  this  pinion  and  the 
gear  teeth  cut  in  the  face  of  the  fiy-wheel  is  a  pair  of  gears  adapted 
to  slide  along  and  revolve  upon  an  intermediate  shaft.  This  slid- 
ing action  results  in  the  larger  of  the  gears  engaging  with  the 
motor  pinion,  while  the  smaller  one  meshes  with  the  gear  teeth 
on  the  fiy-wheel.  A  one  way  starting  clutch  is  incorporated  inside 
of  this  set  of  gears  and  is  for  the  purpose  of  permitting  the  engine 
to  run  ahead  of  the  motor  during  the  short  time  that  the  gears 
are  meshed  after  the  engine  fires  and  is  running  under  its  own 
power.  The  total  gear  ratio  between  the  armature  shaft  and  the 
engine   shaft   is   approximately   20   to   1.     This  means  that  tha 
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Armature  makes  twenty  revolutions  to  turn  the  engine  over  once, 
and  assuming  a  motor  speed  of  2,000  E.P.M.,  the  engine  will  be 
cranked  over  100  E.P.M.,  or  considerably  faster  than  is  possible 
by  hand. 

When  the  unit  is  generating  current  for  charging  the  battery  it 
is  a  simple  shunt  wound  generator.  In  this  case  it  is  driven  from 
the  engine  by  an  extension  of  the  pump  shaft.  The  generator  is 
driven  at  crank  shaft  speed  and  in  order  to  compensate  for  the 
higher  ratios  when  the  unit  is  in  starting  relation  to  the  engine 
a  second  one-way  driving  clutch  is  provided  adjacent  to  the  for- 
ward housing.  This  permits  the  armature  to  run  ahead  of  the 
driving  shaft  during  the  cranking  operation.  When  a  starting 
pedal  is  pushed  forward  it  shifts  the  brushes  from  the  generator 
commutator  and  engages  the  brushes  of  the  motor  comm^^^ator, 
there  bein^  two  commutators  on  the  armature.  Whenever  the 
starting  pedal  is  released  the  motor  brushes  are  lifted  from  their 
commutator  and  generator  brushes  are  dropped  on  their  com- 
mutator. 

A  cut-out  relay  is  located  on  the  rear  end  housing  of  the  motor 
generator,  this  instrument  performing  a  double  function.  During 
the  initial  starting  operation  it  is  closed  mechanically  to  complete 
the  circuit  between  the  storage  battery  and  the  armature,  and  it 
also  automatically  closes  the  circuit  between  the  generator  and 
storage  battery  when  the  generator  voltage  is  high  enough  to 
charge  the  battery.  It  opens  the  circuit  when  the  generator  slows 
down  to  prevent  the  battery  discharging  back  through  the  gene- 
rator windings.  The  latest  type  Delco  system  has  a  slightly  dif- 
ferent detail  construction  of  the  generator  than  those  formerly 
used  as  it  has  a  "third  brush"  inherent  regulation  of  current  out- 
put instead  of  an  auxiliary  voltage  regulator. 

Q.  Describe  the  latest  type  Delco  motor  generator  and  its 
functions. 

A.  The  motor  generator  which  is  located  on  the  right  side 
of  the  engine  as  at  Fig.  365  is  the  principal  part  of  the  Delco 
System.  This  consists  essentially  of  a  dynamo  with  two  field' 
windings,  and  two  windings  on  the  armature  with  two  eommu-' 
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y  sets  of  brnehes.  In  order  that  the  ignition 
apparatus  incorporated  in  the  forward  end  of  the  machine  may  work 
when  it  la  used  as  a  starting  motor,  or  as  a  generator  for  charging 
the  battery  and  supplyiiig  the  lights,  horn  and  ignition,  the  ignition 
distributor  is  always  driven  in  the  same  direction.  Tliis  in  no 
way  affects  the  working  of  the  generator,  it  being  mounted  in  this 
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^\%,  3A5.— Application  of  Deico  Motor  Generator  to  igi6  Hudson  Engine. 

manner  simply  as  a  convenient  and  accessible  mounting.     In  some 
cases  it  is  independent. 

The  motor  generator  has  three  distinct  functions  to  perform 
bvhich  are  as  follows;  No.  1 — Motoring  the  Generator.  ,No,  2 — 
Cranking  the  Engine.    No.  3 — Generating  Electrical  Energy. 

Q,    Describe  the  "motoring"  function. 

A.  Motoring  the  generator  is  accomplished  when  the  ignition 
button  on  the  switch  is  pulled  out.  This  allows  current  to  come 
from  the  storage  battery  through  the  ammeter  on  the  combination 
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switch,  causing  it  to  show  a  discharge.     The  first  reading  of  the 
meter  will  be  much  more  than  the  reading  after  the  armature  is 


FIS'  3M.— Diagrams  Explaining  Construction  of  Dclco  Motor  Generator 
Having  Third  Brush  Current  Control. 


turning  freely.  The  current  dischai^ng  through  the  ammeter 
during  this  operation  is  the  current  required  to  slowly  fevolve 
the  armature  and  what  is  used  for  the  ignition.  The  ignition 
current  flows  on\y  when  the  contacts  are  closed,  it  being  an  inter- 
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mittient  cnrrent.  The  maximum  ignition  corrent  is  obtained  when 
the  cireuit  is  first  closed  and  the  resistance  unit  on  the  rear  end 
of  the  coil  is  cold.  ■  The  current  at  this  time  is  approximately  6 
amperes,  but  soon  decreases  to  approximately  Si/g  amperes.  Then 
as  the  engine  is  running  it  further  decreases  until  at  1,000  revolu- 
tions of  the  engine  it  is  approximately  1  ampere. 

This  motoring  of  the  generator  is  necessary  in  order  that  the 
starting  gears  may  he  brought  into  mesh,  and  should  trouble  be 
experienced  in  meshing  these  gears,   do  not  try  to  force  them. 
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Fig.  367. — The  Delco  Overrunning  Clutch. 

simply  allow  the  starting  pedal  to  come  back,  giving  the  gears 
time  to  change  their  relative  position. 

A  clicking  sound  will  be  heard  during  the  motoring  of  the  gene- 
rator. This  is  caused  by  the  overruhning  of  the  clutch  in  the 
forward  end  of  the  generator  which  ia  shown  in  view  1,  Fig.  366. 

The  purpose  of  the  generator  clutch  is  to  allow  the  armature  to 
revolve  at  a  higher  speed  than  the  pump  shaft  during  the  crankin^j 
operation  and  permitting  the  pump  shaft  to  drive  the  armature 
when  the  engine  is  running  on  its  own  power.  A  spiral  gear  is 
cut  on  the  outer  face  of  this  cinteh  for  driving  the  distributor. 
This  portion  of  the  clutch  ia  connected  by  an  Oldham  coupling  to 
the  pump   shaft.     Therefore,   its  relation  to  the   pump   shaft  i^ 
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.  always  the  same  and  does  not  throw  the  ignition  out  of  time  dur- 
ing the  cranking  operation.  This  clutch  receives  lubrication  from 
the  oil  that  is  contained  in  the  front  end  of  the  generator  which 

'  is  put  in  at  £  (view  1).    This  is  to  receive  oil  each  week  sufficient^ 
to  bring  the  oil  up  to  the  level  of  the  oiler.    The  arrangement  of 
clutch  parts  is  shown  at  Fig.  367. 

Q.    Describe  the  "cranking*'  operation. 

A.  The  cranking  operation  takes  place  when  the  starting  pedal 
is  fully  depressed.  The  starting  pedal  brings  the  motor  clutch 
'gears  (view  1)  into  mesh  and  withdraws  the  pin  P  (views  1  and  2), 
!  allowing  the  motor  brush  switch  to  make  contact  on  the  motor 
!\?ommutator.  At  the  same  time  the  generator  switch  breaks  con- 
tact. This  cuts  out  the  generator  element  during  the  cranking 
operation.  As  soon  as  the  motor  brush  makes  contact  on  the 
commutator  a  heavy  current  from  the  storage  battery  flows  through 
the  series  field  winding  and  the  motor  winding  on  the  armature. 
This  rotates  the  armature  and  performs  the  cranking  operation. 
The  cranking  circuit  is  shown  in  the  heavy  lines  on  the  circuit 
diagram  (Fig.  368).  This  cranking  operation  requires  a  heavy 
<5urrent  from  the  storage  battery,  and  if  the  lights  are  on  during 
the  cranking  operation,  the  heavy  discharge  from  the  battery  causes 
the  voltage  of  the  battery  to  decrease  enough  to  cause  the  lights  to 
grow  dim.  This  is  noticed  especially  when  the  battery  is  nearly 
discharged;  also  will  be  more  apparent  with  a  stiflf  motor  or  with 
p  a  loose  or  poor  connection  in  the  battery  circuit  or  a  nearly  dis- 
charged battery.  It  is  on  account  of  this  heavy  discharge  current 
that  the  cranking  should  not  be  continued  any  longer  than  is 
necessary,  although  a  fully  charged  battery  will  crank  the  engine 
for  several  minutes. 

During  the  cranking  operation  the  ammeter  will  show  a  dis- 
charge. This  is  the  current  that  is  used  both  in  the  shunt  field 
winding  and  the  ignition  current;  the  ignition  current  being  an 
intermittent  current  of  comparatively  low  frequency  will  cause 
the  ammeter  to  vibrate  during  the  cranking  operation.  If  the 
lights  are  on  the  meter  will  show  a  heavier  discharge.  The  main 
ieranking  current  is  not  conducted  through  the  ammeter,  as  this 
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is  a  very  heavy  current  and  it  would  be  impossible  to  conduct  this 
heavy  current  through  the  ammeter  and  still  have  an  ammeter 
that  is  sensitive  enough  to  indicate  accurately  the  charging  current 
and  the  current  for  lights  and  ignition.  As  soon  as  the  engine 
fires  the  starting  pedal  should  be  released  immediately,  as  the  over- 
running motor  clutch  is  operating  from  the  time  the  engine  fires 
until  the  starting  gears  are  out  of  mesh.  Since  they  operate  at  a 
very  high  speed,  if  they  held  in  mesh  for  a^y  length  of  time, 
there  is  enough  friction  in  this  clutch  to  cause  it  to  heat  and  bum 
out  the  lubricant.  There  is  no  necessity  for  holding  the  gears  in 
mesh. 

Q.  What  is  the  "Delco"  motor  clutch  for  and  how  is  it  lubri- 
cated? 

A.  The  motor  clutch  operates  between  the  fiywheel  and  the 
armature  pinion  for  the  purpose  of  getting  a  suitable  gear  reduc- 
tion between  the  motor  generator  and  the  fiywheel.  It  also  pre- 
vents the  armature  from  being  driven  at  an  excessively  high  speed 
during  the  short  time  the  gears  are  meshed  after  the  engine  is  run- 
ning on  its  own  power.  This  clutch  is  lubricated  by  the  grease 
cup  A,  shown  in  view  1,  Fig.  366.  This  forces  grease  through 
the  hollow  shaft  to  the  inside  of  the  clutch.  This  cup  should  be 
given  a  turn  or  two  every  week. 

Q.    How  does  the  **Delco"  machine  deliver  electric  energy? 

A.  When  the  cranking  operation  is  finished  the  motor  brush 
switch  is  raised  off  the  commutator  by  the  pin  P  when  the  start- 
ing pedal  is  released.  This  throws  the  starting  motor  out  of  action. 
As  the  motor  brush  is  raised  off  the  commutator  the  generator 
switch  makes  contact  and  completes  the  charging  circuit.  The 
armature  is  then  driven  by  the  extension  of  the  pump  shaft  and 
the  charging  begins.  At  speeds  above  approximately  7  miles  per 
hour  the  generator  voltage  is  higher  than  the  voltage  of  the  storage 
battery  which  causes  current  to  fiow  from  the  generator  winding 
through  the  armature  in  the  proper  direction  to  charge  the  storage 
battery.  As  the  speed  increases  up  to  approximately  20  miles 
per  hour  this  charging  current  increases,  but  at  the  higher  speeds 
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the  charging  current  decreases.  The  curve,  Fig.  369,  shows  ap- 
proximately the  charging  current  that  should  be  received  for  dif- 
ferent speeds  of  the  car.  There  will  be  slight  variations  from 
this  due  to  temperature  changes  and  conditions  of  the  hatteiy  which 
will  amount  to  as  much  a^  from  2  to  3  amperes. 
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Q,  What  points  need  lubrication  on  the  "Delco"  motor- 
generator? 

A.  There  are  five  places  to  lubricate  this  Delco  System.  No.  1 
— The  grease  cup  for  lubricating  the  motor  clutch  (Z>,  view  1, 
Fig.  366).  No.  2 — Oiler  for  lubricating  the  generator  clutch  and 
forward  armature  bearing  (B).  No.  3 — The  oil  hole  (C)  for 
lubricating  the  bearings  on  the  rear  armature  shaft.  This  is 
exposed  when  the  rear  end  cover  is  removed.     This  should  re- 
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ceive  oil  onee  a  week.  No.  4 — The  oil  hole  in  the  distributor,  at 
A,  for  lubricating  the  top  bearing  of  the  distributor  shaft.  This 
should  receive  oil  once  a  week.  No.  5 — This  is  the  inside  of  the 
distributor  head.  This  should  be  lubricated  with  a  small  amount 
of  vaseline,  carefully  applied  two  or  three  times  during  the  first 
2,000  miles  running  of  the  car,  after  which  it  will  require  no  atten- 
tion. This  is  to  secure  a  burnished  track  for  the  rotor  brush  on 
the  distributor  head.  This  grease  should  be  sparingly  applied  and 
the  head  wiped  clean  from  dost  and  dirt. 


Fig.  373. — Wiring  Diagram  Showing  Parts  of  the  Delco  Cadillac  Eight 
Cylinder  Type  Starting,  Lighting  and  Ignition  System. 

Q.  What  is  the  Djmeto-Entz  "one  unit"  system  and  what 
advantages  are  claimed  for  it? 

A.  The  advantages  of  the  One  unit  system  are  said  to  be  sim- 
plicity, light  weight,  low  cost  and  ease  of  installation,  high  crank- 
ing speed,  higher  operative  efficiency,  quiet  starting  and  non-stall- 
ing in  traffic.  It  is  said  by  those  who  favor  this  system  that  it 
is  good  engineering  to  simplify  any  instrument  or  apparatus  when 
it  can  be  done  without  sacrificing  efficiency  or  durability.  The 
simplest  designs  are  cheaper  to  manufacture  and  are  not  so  apt; 
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"to  give  trouble  to  the  user.  The  single  unit  system  is  much  simpler 
-'than  the  two-unit  system  and  it  is  much  easier  to  install  because 
there  is  but  one  machine  to  set  up,  drive  and  wire  up.  The  sim- 
plicity of  the  one-unit  system  means  that  there  is  but  one  set  of 
bearings  to  oil,  but  one  pair  of  brushes  (if  the  device  is  the  single 
commutator  type),  one  simple  and  direct  connection  by  silent  chain 
and  simple  wiring. 

The  application  of  the  one  unit  system  to  the  chassis  of  a  White 
car  is  shown  in  the  plan  view  of  the  chassis  at  Fig.  373.     The 
motor-generator  is  attached  to  a  substantial  bracket,  back  of  the 
{gear  box  and  is  connected  to  the  engine  by  a  driving  shaft  carry- 
ing a  sprocket  at  its  forward  end  just  ahead  of  the  shaft  support- 
ing bearing,  this  being  in  connection  with  a  large  sprocket  attached 
-to  the  engine  flywheel,  as  shown  at  Fig.  374  by  a  silent  chain. 
The  storage  battery  is  carried  on  the  other  side  of  the  chassis 
l£rame  just  forward  of  the  rear  axle.    To  start  this  form  of  a  one 
nmit  system  a  switch  is  moved  from  the  ^^off^'  position  to  the 
"i^art"  position  and  it  is  left  there  until  one  desires  to  stop.    In 
the  White  system  the  control  switch  is  mounted  on  the  steerinp 
•column  as  shown  at  Fig.  374.    The  Dyneto  single  unit  system  hai: 
no  relays,  automatic  switches,  overrunning  clutches,  sliding  gears 
'OT  current  regulating  devices.     The  usual  manner  of  installation 
is  to  drive  the  motor  generator  with  a  silent  chain  so  that  the 
'device  turns  at  three  times  the  motor  speed.     As  the  tendency  is 
towards  small  bore,  high  speed  motors,  it  is  necessary  that  these 
he  cranked  over  fast  as  they  do  not  start  easily  at  speeds  of  rota- 
tion below  100  R.P.M.    The  Dyneto-Entz  starter  will  crank  a  four 
-cylinder  2%  inch  bore  x  4%  inch  stroke  at  172  R.P.M.  on    a 
six  volt  system  drawing  40  amperes.     A  six  cylinder,  3l^  inch 
bore  X  5^/^  inch  stroke  is  cranked  over  at  140  R.P.M.  on  a  12  volt 
system  drawing  35  amperes  from  the  battery.     It  is  said  that  less 
energy  in  watt  hours  is  required  of  a  storage  battery  at  the  high 
cranking  speed  because  while  the  current  output  may  be  a  little 
more,  the  time  that  the  current  is  required  to  flow  is  much  less 
in  securing  a  positive  start  than  it  would  be  at  the  lower  cranking 
ppeed. 
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Fig.  373. — Plan  View  of  White  Touring  Car  Chassis  Showing  Location 
of  Parts  of  Dyneto  One  Unit  Starting  and  LiKhtin^  System. 
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Q.    Describe  the  Dyneto  "non-stalling"  feature. 

A.  One  of  the  distinctive  features  of  the  Dyneto  System  is  that 
it  is  non -stalling.  This  makes  driving  in  traffic  perfectly  easy  with- 
out changing  gears  every  time  the  car  is  slowed  down.  This  is 
because  when  the  engine  tends  to  run  slower  than  a  certain  num- 
ber of  revolutions  the  device  ceases  to  be  a  generator  and  becomes 


Fig.  374.— View  at  Left  Shows  Simple  Control  Switch  of  Dyneto-White 
Starting  and  Lighting  System.  Rear  View  of  Motor  at  Right  Shows 
Large  Starting  Sprocket  Used  on  White  Engine  FlywheeL 

a  motor,  automatically  drawing  current  from  the  storage  battery 
instead  of  putting  current  into  it.  It  is  contended  by  those  who 
do  not  favor  the  one  unit  system  that  the  non-stalling  feature 
makes  a  serious  drain  on  the  battery.  It  is  said  that  no  current 
is  drawn  from  the  battery  at  speeds  above  8  M.P.H.  and  that 
very  little  is  taken  at  any  lower  speed  at  which  the  car  can  be 
driven.  When  any  current  is  drawn  from  the  battery  back  through 
the  motor  generator,  the  series  field  is  strengthened  and  as  this 
causes  an  increase  of  voltage  it  prevents  to  a  large  extent  a  back 
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How  of  current.    The  device  changes  from  a  motor  to  a  generator 
at  5  miles  per  hour, 
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Fig.  375. — Motor  Characteristic  Curves  of  la-Volt  Dyneto  Machine. 

It  is  necoBsary  to  take  into  conBideration  the  engine  to  which 
the  machine  is  to  be  fitted  and  proportion  tho  windings  accordingly. 
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It  may  be  desirable  on  a  car  having  a  certain  gear  ratio  to  have 
the  back  flow  occur  at  a  somewhat  higher  speed  than  on  another 
car.  These  factors  are  taken  into  consideration  in  designing  the 
various  systems.    A  number  of  curves  are  given  at  Fig.  375  ahow- 
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Fig.  374, — The   Dyneto   One   Unit   Motor- Generator  at   A  and  Latest 
Method  of  Installing  It  on  Franklin  Engines  Shown  at  B. 

ing  the  motor  characteristics  of  a  12  volt  Dyneto  size  B.  It  will 
be  observed  by  consulting  the  upper  diagram  that  in  this  case  the 
device  changes  from  a  motor  to  a  generator  at  a  speed  of  7^4 
M.P.H.     If  the  speed  is  increased  above  this  figure  the  machine 
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1)ecomes  a  generator  and  charges  the  storage  battery.  If  the  speed 
decreases  the  device  becomes  a  motor  and  draws  current  from  the 
storage  battery.  It  will  be  observed  that  the  minimum  current 
output  of  121^  amperes  is  produced  when  the  engine  is  turning 
over  at  a  speed  equivalent  to  IT^^^  M.P.H.  From  this  point  the 
current  output  falls  so  that  at  471/^  M.P.H.  but"six  amperes  are 
being  generated.  At  600  B.P.M.  the  machine  delivers  .6  H.P; 
and  is  working  at  60  per  cent,  efficiency.  Similarly,  if  used  as  a 
generator  it  is  consuming  .6  H.P.  at  600  R.P.M.  At  this  speed 
it  is  capable  of  exerting  the  torque  of  30  lbs.  feet,  which  means 
a'  pull  of  30  pounds  at  a  distance  of  one  foot  from  crankshaft 
center.  Those  technically  informed  will  have  no  trouble  in  fol- 
lowing the  motor  characteristic  curves  presented.  The  reader  who  * 
is  more  interested  in  the  practical  application  of  the  system  than  • 
in  the  technical  aspects  will  not  be  interested  in  curves"  of  •  this 
'nature.  -  1 

Q.    What  is  the  simplest  "one  unit"  system  and  how.  is  the 
motor  generator"  driven? 


%i 


A%  The  complete  starting  system  shown  at  Fig.  377. is  one  in 
which  the  motor  generator  replaces  the  gasoline  engine  flywheel. 
This  means  that  it  is  directly  connected  to  the  motor  crankshaft 
and  does  not  employ  any  reduction  gearing  of  any  form.  The 
various  members  comprising  the  starting  system  are  indicated  in 
heavy  black  lines,  while  the  rest  of  the  chassis  is  shown  in  light 
black  lines.  The  system  is  simple  and  easily  understood.  An  auto- 
matic switch  which  changes  the  electric  machine  into  a  generator 
for  charging  the  storage  battery  when  the  gasoline  engine  is  run- 
ning and  the  starting  button  is  in  its  released  position  is  one  of 
the  important  parts.  The  regulator  which  makes  the  rate  of  charg- 
ing the  battery  the  same  at  all  engine  speeds  is  placed  on  the 
dash.  The  simple  operation  of  depressing  the  starting  button  when 
the  gasoline  engine  is  not  turning  changes  the  flywheel  generator 
into  an  electric  motor  that  draws  current  from  the  twenty-four  volt 
storage  battery  and  which  rotates  the  motor  crankshaft. 
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Q.    Describe  Auto-Lite  starting  and  lighting  system. 

A.  The  arrangement  of  parts  of  a  three  unit  starting,  lighting 
and  ignition  system  of  the  Auto-Lite  manufacture  is  shown  at 
Fig.  378,  while  the  various  important  parts  comprising  the  system 
are  shown  in  the  lower  portion  of  the  illustration.  As  will  be 
apparent,  the  ignition  is  from  an  entirely  different  source,  an  inde- 
pendent high  tension  magneto  being  provided  for  this  purpose. 
The  generator  is  placed  at  the  side  of  the  engine  and  is  driven 
by  a  silent  chain  connection  from  the  motor  crank  shaft.  The 
starting  motor  is  attached  to  the  rear  of  the  engine  on  the  magneto 
side  and  is  used  to  turn  the  engine  crank  shaft  by  engaging  directly 
with  a  gear  cut  on  the  outside  of  the  fly-wheel.  The  system  oper- 
ates on  the  one  wire  method.  An  automatic  circuit  breaker  is 
provided  to  which  the  generator  is  connected.  This  is  interposed 
between  the  generator  and  storage  battery  and  when  the  engine 
speed  becomes  so  low  that  the  generator  output  is  less  than  the  dis- 
charge of  the  battery  the  circuit  breaker  interrupts  the  connection 
and  prevents  the  battery  from  discharging  through  the  dynamo. 
The  various  circuits  are  clearly  outlined  in  the  diagram  and  no 
difficulty  should  be  experienced  in  tracing  the  wiring  to  the  various 
units.  The  lighting  system  is  very  complete,  consisting  of  two 
head  lights,  two  side  lights,  a  dash  light  and  rear  signal.  The 
wires  leading  to  th^  various  units  and  to  the  switch  are  of  different 
colors,  so  that  no  trouble  will  result  when  tracing  the  various  cir- 
cuits. In  order  to  prevent  damage  through  short  circuiting  of 
a  wire,  a  fuse  box  is  provided,  small  fuses  being  interposed  in  all 
lamp  circuits.  When  it  is  desired  to  start  the  motor,  a  switch  on 
the  master  switch  box  is  operated  and  a  foot  pedal  depressed. 
This  automatically  engages  the  sliding  pinion  carried  on  the  motor 
armature  and  also  closes  the  starting  switch  contacts. 

The  storage  battery  used  with  this  system  is  shown  at  Fig. 
378-B.  It  differs  from  conventional  construction  as  the  three  cells 
are  placed  end  to  end  instead  of  side  by  side,  making  a  long,  nar- 
row battery  box  instead  of  the  type  generally  used,  which  is  ap- 
proximately square.  The  automatic  circuit  breaker  is  shown  at  C. 
The  only  parts  needing  inspection  are  the  contact  points.     The 
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Fig.  378. — Diagram  at  A  Shows  Arrangement  of  Farts  of  Auto-IJte 
System  and  How  They  are  Wired  Together.  B — Part  Sectional 
View  of  Storage  Battenr.  C — Automatic  Circuit  ~ 
I>— Current  Qencnter.    £— Starting  Motor, 
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generator,  which  is  connected  with  the  crank  shaft  And  driven 
by  a  silent  chain,  is  shown  at  D.  This  has  an  electric  governing 
system,  so  that  its  current  output  is  less  at  high  speeds  than  it  is 
at  normal  speeds.  The  starting  motor  is  shown  at  E,  the  sliding 
pinion  which  engages  with  the  fly-wheel  gear  being  clearly  visible 
through  the  cut-away  portion  of  the  gear  enclosing  case.  The  start- 


Kg.  37». — Wiring  Diagram  of  1916  Overland-Auto-Lite  System. 

ing  switch  is  mounted  on  the  end  of  the  motor  and  is  worked  by 
the  same  rod  that  slides  the  pinion. 

Q.  How  does  the  1916  Auto-Lite  system  differ  from  the  one 
of  the  year  previous? 

A.  The  diagram  Fig.  379  shows  the  1916  Overland  Auto-Lite 
system.  This  differs  from  the  1915  system  principally  in  the  use 
of  an  automatic  pinion  shift,  and  the  units  are  changed  slightly 
in  detail  as  outlined  at  Fig.  380,  in  consequence.  The  application 
of  the  system  to  the  four  cylinder  power  plant  is  shown  at  Fig. 
381,  while  the  method  of  installing  the  units  on  the  six  cylinder 
Overland  engine  is  depicted  at  Fig.  354. 
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Pig.  380.— Starting  Motor  Used  in  1916  Auto-Lite- Overland  SyBtem 
with  Automatic  Pinion  Shift  at  A.  Automatic  Cutout  Shown 
at  B.     Method  of  Driving  Generator  with   Silent  Chain  Outlined 


Q.  How  many  electric  starting  and  lighting  systems  have 
been  used? 

A.  The  number  of  electric  systems  used  are  much  too  numerous 
to  be  described  in  a  general  treatise  of  this  nature.  A  complete 
treatise  on  all  automobile  electrical  appliances  and  their  use  by 
the  same  author  can  be  consulted  with  advantage  by  those  desiring 
more  information.  This  is  "Modern  Starting,  Lighting  and  Igni- 
tion Systems." 
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Q.  Describe  steps  to  take  proper  care  of  the  starting  system 
storage  battery. 

A.  The  storage  battery  is  made  up  of  several  hard  rubber  cells 
or  containers  for  the  active  plates  and  liquid  electrolyte.  The 
whole  is  surrounded  by  a  wood  casing  for  mechanical  protection 
and  ease  in  handling.  Each  individual  cell  is  provided  with  a 
screw  cap  for  inspection  and  the  addition  of  electrolyte  or  distilled 
water  when  necessary.  The  electrolyte  must  at  all  times  cover 
the  tops  of  the  plates  at  least  one-quarter  inch.  Insufficient  elec- 
trolyte will  result  in  warped  or  buckled  plates,  and  an  accumu- 
lation of  sediment  at  the  bottom  of  the  cells.  The  battery  will 
be  ruined  in  a  short  time  if  the  tops  of  the  plates  are  not  kept 
covered.  Each  cell  must  be  inspected  at  least  once  every  week  in 
summer  and  once  every  two  weeks  in  winter.  All  screw  caps  must 
be  removed  and  distilled  water  added  to  each  cell  to  make  up  for 
the  natural  evaporation.  If  distilled  water  cannot  be  had  use 
clean  rain  water  which  has  not  come  in  contact  with  metal  or 
cement. 

Never  add  acid  to  the  cells  of  the  battery.  If  part  or  all  of  the 
efectroljrte  has  been  lost  through  accidental  spilling  or  leakage  get 
full  instructions  and  advice  from  the  mak^r.  A  hydrometer, 
arranged  with  a  rubber  bulb  to  draw  a  portion  of  the  electrolyte 
from  each  cell,  furnishes  the  best  indication  of  the  condition  of  the 
battery.  The  hydrometer  shows  the  specific  gravity  of  the  elec- 
trolyte, which  for  a  fully  charged  cell  should  be  1280  on  a  specific 
gravity  scale.  If  the  car  is  out  of  service  for  a  considerable  length 
of  time,  as  when  laid  up  for  the  winter,  it  is  necessary  to  charge 
the  battery  at  regular  intervals.  This  may  be  done  by  running  the 
engine  at  a  car  speed  of  twenty  miles  per  hour  for  at  least  one 
hour  every  two  weeks.  If  the  car  is  to  be  stored,  and  it  is  not  con- 
venient to  charge  as  above,  the  battery  should  be  removed  from 
the  car  and  placed  in  a  reliable  garage  to  be  properly  taken  care  of. 

If  your  battery  is  arranged  with  terminal  posts  for  the  wiring 
connections  these  must  be  examined  occasionally  to  see  that  they 
are  clean  and  free  from  sulphate.  The  thorough  application  of  a 
small  amount  of  vaseline  at  the  metal  connections  to  the  battery 


670 


Questions  and  Answers 


posts  will  prevent  sulphating  and  consequent  corrosion  and  poor 
electrical  contact  at  these  points.  If  the  electrolyte  leaks  from  the 
joints,  bottom,  or  wood  sides  of  the  battery  case,  one  or  more  of 
the  hard  rubber  cells  are  cracked  or  broken.  The  battery  must  be 
returned  to  the  factory  for  repairs  or  replacement.  The  metal 
battery  box  must  be  thoroughly  wiped  out  with  a  cloth  saturated 
with  anunonia  to  neutralize  the  acid  and  prevent  corrosion.    The 


Fig.  382. — Wiring  Diagram  of  Auto-Lite-Chevrolet  Starting,  Lighting 
and  Ignition  System 

top  of  the  battery  must  be  kept  clean  and  dry  to  prevent  a  leak- 
age of  current  between  the  terminals.  See  that  the  battery  is 
held  securely  in  its  metal  box  or  other  container.  If  necessary 
pack  tightly  with  waste  to  prevent  the  battery  shaiing  about  from 
jolting  of  the  car.  Tools,  other  metal  articles,  or  anything  of 
value  should  not  be  placed  near  the  battery  as  the  acid  fumes  will 
corrode  and  destroy  metal,  cloth  and  like  material.  Make  certain 
that  the  battery  terminals  cannot  touch  the  cover  of  the  metal 
battery  box,    A  thin  sheet  of  wood  fiber  fitted  inside  the  cover  of 
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the  battery  box  will  prevent  short  circuits  or  grounds  from  this 
cause.  It  must  be  remembered  that  the  eflficiency  of  any  storage 
battery  decreases  with  drop  in  temperature  and  it  is  only  about 
50  per  cent,  efficient  at  zero  temperature.  For  this  reason  the  de- 
mand for  current  should  be  kept  as  low  as  possible  in  cold  weather 
and  lamps  turned  off  when  not  needed. 

Q.    How  ate  electric  lamps  cleaned  and  adjusted? 

A.  To  clean  head  and  side  lamp  reflectors,  remove  from  lamp 
body  and  carefully  blow  out  any  dust  which  may  have  collected 
on  the  reflecting  surfaces.  Then  dip  a  small  piece  of  absorbent 
cotton  in  alcohol  and  lightly  wipe  over  the  surface — always  from 
the  back  to  the  front.  To  focus  the  lamps,  open  the  swinging  front 
of  the  lamp  and  direct  the  light  upon  some  smooth  vertical  surface 
at  a  distance  of  about  ten  feet.  Loosen  the  adjusting  screw  on 
the  slide  at  the  rear  of  the  reflector,  and  move  the  bulb  and  socket 
out  and  in  until  all  rings  disappear  in  the  illuminated  area.  Then 
tighten  down  the  adjusting  screw  and  close  the  lamp.*  Any  further 
adjustment  of  the  lamp  must  be  made  by  bending  the  arms  of  the 
lamp  bracket  with  a  heavy  wrench  until  the  light  from  each  lamp 
strikes  the  road  at  the  point  desired. 

Q.  How  can  troubles  be  located  in  the  starting  and  lighting 
system? 

A.  In  event  of  trouble  with  any  lighting  system,  the  makers 
recommend  a  careful  study  of  the  symptoms,  which  will  usually 
provide  a  guide  tp  find  the  component  at  fault.  The  indicator  on 
the  dash  of  most  cars  shows  positively  any  failure  of  the  generator 
or  any  break  in  the  wiring.  If  the  indicator  does  not  indicate 
^^charge'*  when  the  engine  is  speeded  up  but  shows  "discharge" 
ivhen  lights  are  turned  on  and  the  engine  at  rest,  the  dynamo  or 
current  regulator  is  not  working  properly.  A  common  trouble  is 
the  dynamo  brushes  not  sliding  freely  in  their  holders.  If  the 
dynamo  is  driven  by  friction  belt  this  may  be  too  loose  to  drive  the 
dynamo  at  proper  speed.  If  the  indicator  does  not  indicate  "charge" 
with  the  engine  speeded  up  and  does  not  indicate  "discharge"  with 
the  lights  on  and  the  engine  at  rest,  one  should  look  for  an  open 
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Fig.  383. — Componenta  of  North  East  Motor-Geaerator  Armature 
Assembly. 
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circuit  or  loose  connection  in  the  battery  wiring  or  for  corrosion 
or  looseness  in  the  storage  battery  terminals.  Sometimes  the 
dynamo  terminals  may  have  loosened  and  imperfect  contact  exist 
at  this  point.  Should  the  indicator  show  "discharge"  with  the 
lights  turned  off  and  engine  at  rest  (providing  that  the  indicator 
pointer  is  not  bent),  the  insulation  on  lamp  wires  may  be  injured, 
this  permitting  contact  with  the  frame,  causing  a  short  circuit.  If » 
the  indicator  indicates  "charge"  with  the  engine  at  rest,  it  is  a 
positive  indication  that  the  pointer  is  bent. 

Q.    What  do  low  charge  indications  at  ammeter  show? 

A.  If  the  charge  indications  are  below  normal  with  the  engine 
running,  it  may  be  on  account  of  slipping  of  the  driving  belt  if 
the  dynamo  is  driven  in  that  manner,  or  because  of  poor  adjust- 
ment of  the  centrifugal  governor,  if  that  type  of  dynamo  is  used. 
If  the  ammeter  "discharge"  indications  are  above  normal  it  is  a 
sign  that  the  lamp  load  is  excessive  or  one  of  the  lamp  wires  is 
in  contact  with  the  frame.  When  the  indicator  pointer  jerks  from 
one  reading  to  another  with  engine  running  at  constant  speed  on 
the  discharge  scale,  it  means  either  a  short  circuit  in  the  system  or 
a  loose  terminal. 

Q.    What  does  a  "blown"  fuse  indicate? 

A.  If  trouble  is  experienced  from  fuses  burning  out  repeatedly, 
it  is  a  sign  that  the  lamp  wires  are  in  contact  with  the  frame  at 
some  point  or  that  one  of  the  lamps  is  defective  because  of  a  short 
circuited  filament. 

Q.    Describe  location  of  starting  faults. 

A.  If  the  engine  cranking  speed  is  very  low  and  this  is  not 
due  to  the  engine  being  stiff,  such  as  would  be  the  case  in  cold 
weather  or  after  the  engine  has  been  overhauled  and  bearings 
tightened,  it  may  be  considered  a  positive  indication  that  the  storage 
battery  is  almost  discharged  or  that  it  is  defective  in  some  way. 
If  the  starting  motor  does  not  rotate;  the  battery  may  be  dis- 
charged, the  starting  switch  may  not  be  making  good  contact  ox 
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a  motor  brush  may  not  make  good  contact  with  the  commutator. 
There  may  be  an  open  circuit  in  the  battery  wiring  to  the  motor, 
or  there  may  be  a  poor  circuit  or  contact  because  of  corroded 
battery  terminals.  If  the  starting  motor  rotates  but  does  not 
<;rank  the  engine,  it  is  a  sign  that  the  overrunning  clutch  does  not 
work  properly  or  that  the  starter  pinion  is  not  properly  meshed 
with  .the  flywheel  gear. 

Q.    How  are  troubles  in  lighting  system  located? 

A.  If  the  lamps  will  not  light  but  the  starter  cranks^  the 
engine,  this  shows  that  the  storage  battery  is  in  proper  condition 
and  that  the  trouble  is  due  to  burned  out  or  broken  lamp  filament 
or  defective  lamp  fuses.  If  the  lamps  burn  brightly  but  fail  to 
illuminate  the  road  sufficiently,  the  bulbs  may  be  out  of  focus  in 
respect  to  the  parabolic  reflector  of  the  lamp  or  the  lamp  sup- 
porters may  be  bent  in  such  a  way  that  the  rays  of  light  -may  be 
directed  too  far  upwards.  If  the  lamps  bum  dimly  or  not  at  all 
and  it  is  difficult  to  crank  the  engine  with  the  starting  motor,  this 
means  a  weak  or  discharged  storage  battery.  In  addition  to  this, 
the  lamps  may  be  old  and  have  blackened  insides,  the  system  might 
be  slightly  short  circuited,  or  considerable  resistance  may  be  pres- 
ent, due  to  loose  or  dirty  connections.  If  the  lamps  blacken  or 
bum  out  quickly  they  are  not  of  the  proper  quality  if  they  are 
six  volt  lamps,  and  not  of  the  proper  voltage  if  other  than  six  volt 
lamps.  There  is  one  exception  to  this  rule,  and  that  is  the  bulbs 
of  the  tail  lamp  and  dash  light,  which  are  three  volt  lamps  when 
these  two  are  wired  together  in  series.  Burning  out  of  the  lamps 
may  be  caused  by  the  regulator  not  working  properly,  and  if  this 
is  the  case  the  lamps  will  bum  out  at  high  engine  speed.  If  the 
lamps  flicker  and  the  ammeter  or  indicator  needle  is  unsteady,  look 
for  loose  connections  in  the  light  wires,  loose  connections  between 
battery  and  dynamo,  loose  contact  at  a  lamp  connector  or  lamp 
bulb,  poor  contact  between  fuses  and  fuse  clips,  or  an  exposed  wire 
touching  the  frame  intermittently. 
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Fig.  3B4. — Parts  of  North  East  Motor-Generator  Field  Assembly. 

Q.    What  is  a  test  lamp  useful  for? 

A.  If  one  suspects  that  the  battery  is  discharged,  its  condition 
may  be  readily  determined  by  using  a  teat  lamp,  which  conair'i 
of  a  small  lamp  of  the  proper  voltage  with  suitable  socket  and  two 
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lengths  of  mie*  The  test  lamp  may  also  be  used  for  locating  short 
circuits  or  open  circuits.  It  is  well  to  bear  in  mind  that  the  lead 
terminals  of  the  battery  should  be  scraped  clean  and  bright  at  the 
point  where  the  test  lamp  wires  bear  in  order  to  insure  a  good 
^lean  contact.  If  the  test  lamp  bums  brightly  it  shows  that  there 
is  current  in  the  storage  battery.  To  locate  a  short  circuit  the 
fuses  are  removed  from  the  rear  of  the  switch  and  the  wire  is 
^sconnected  from  the  negative  battery  terminal.  Connect  one  of 
the  test  lamp  terminals  to  the  free  battery  terminal  and  touch  the 
other  test  lamp  wire  to  the  frame  of  the  car.  The  test  lamp  should 
light  if  good  contact  is  made,  this  indicating  that  the  positive  bat- 
tery terminal  is  properly  connected  to  the  ground.  Keep  one  test 
lamp  wire  in  contact  with  the  negative  terminal  and  touch  the 
other  wire  to  the  end  of  the  battery  wire  just  disconnected.  If  the 
test  lamp  lights  it  shows  that  a  conductor  or  wire  connected  to  the 
l)attery,  lamps,  horn  or  starting  motor  is  in  contact  with  or 
grounded  to  the  frame  of  the  car. 

Q.  What  should  the  wiring  be  examined  for  and  what  care  is 
needed  of  the  wires? 

A.  Any  wires  having  injured  insulation  should  be  wrapped 
with  electrical  tape  to  prevent  metallic  contact  between  the  con- 
ductor and  the  frame.  Open  circuits  are  best  indicated  by  feeling 
of  the  wires  where  they  fasten  to  the  terminals  to  make  sure  that 
positive  contact  is  made  and  that  the  terminal  binding  nuts  are 
not  loose.  Short  circuits  may  also  be  located  if  no  test  lamp  is 
Available  by  following  the  various  wires,  and  if  any  of  these  are 
found  in  contact  with  the  frame  it  is  a  wise  precaution  to  puU  them 
away  and  to  wrap  the  section  that  was  in  contact  with  the  frame 
thoroughly  with  insulating  tape.  If  one  lamp  flickers  and  the 
rest  bum  brightly,  look  for  a  poor  connection  between  the  lamp 
and  the  lamp  connector,  a  loose  terminal  at  the  junction  switch 
or  a  defective  fuse.  If  all  lamps  flicker,  look  for  loose  connections 
in  wiring  between  battery  and  junction  switch.  When  lamp  bulbs 
have  been  renewed  in  head  lights  it  is  sometimes  necessary  to  re- 
locus  the  lamps.  Head  lights  should  not  exceed  15  candle  power, 
-and  should  always  be  of  the  high  efficiency  filament  type.     Cheap 
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carbon  filament  lamps  will  not  only  consume  undue  current  but 
will  not  prove  enduring.     Tungsten  filament  lamps  are  best. 

Q.    What  faults  can  be  looked  for  in  motors  and  generators? 

A.  While  every  effort  has  been  made  by  the  manufacturers 
of  electric  starting  and  lighting  systems  to  have  the  various  units 
function  as  nearly  automatically  as  possible,  it  will  be  evident 
that  some  attention  will  be  needed  by  the  various  units.  The  gene- 
rator should  be  looked  over  from  time  to  time  and  should  any 
carbon  dust  be  worn  from  the  brushes  by  the  commutator  and  de- 
posited in  the  lower  part  of  the  casing  it  should  be  blown  out 
with  compressed  air.  It  is  stated  that  an  accumulation  of  this 
dust  may  result  in '  a  ground  to  the  generator  case  or  produce  a 
short  circuit  between  the  brush  carrier  and  case.  If  the  commu- 
tator is  blackened  or  rough  it  must  be  smoothed  down  with  fine 
sandpaper  while  the  armature  is  rotating.  Never  use  emery  cloth 
for  this  purpose.  After  smoothing  down  the  commutator  remove 
all  particles  of  metal  which  may  bridge  across  between  the  copper 
segments.  The  insulating  material  between  the  commutator  seg- 
ments should  not  be  higher  than  the  surfaces  of  the  segment,  and 
if  any  of  it  projects  it  must  be  filed  down  slightly  lower  than  the 
copper  pieces  by  using  a  small  file. 

The  brushes  are  the  part  of  the  generator  that  demand  the  most 
attention  and  to  which  most  of  the  troubles  in  devices  of  this  kind 
are  due.  They  should  be  examined  to  see  that  they  are  in  perfect 
contact  with  the  commutator  and  that  they  do  not  stick  in  the  brush 
holders.  Any  dirt  or  grease  on  the  brush  assembly  should  be 
removed.  One  of  the  most  fertile  causes  of  poor  brush  contact  with 
the  commutator  is  on  account  of  insufficient  spring  tension.  When 
examining  the  brushes  care  should  be  taken  to  see  that  these  are 
maintained  positively  in  contact  with  the  copper  segments.  Care 
should  be  taken  not  to  have  the  spring  pressure  too  great,  as  this 
would  produce  rapid  depreciation  of  the  brushes  and  heating  of  the 
commutator.  Brushes  that  have  worn  down  till  they  are  short  must 
be  replaced  with  new  ones.  When  replacing  brushes  be  sure  that 
they  fit  the  commutator  surface  exactly  over  the  whole  area  of  the 
end  of  the  brush,  and  in  all  cases  use  brushes  for  replacement 
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furnished  by  the  maker  of  the  generator.  In  some  generators, 
shunt  connections,  which  are  called  "pigtails/^  are  used  for  con- 
necting the  brushes.  If  the  new  brushes  furnished  by  the  factory 
have  these  connections  attached  care  should  be  taken  to  make  the 
connection  exactly  the  same  as  on  the  old  brushes. 

It  is  imperative  that  the  commutator  be  kept  clean,  as  any  oil 
or  grease  on  the  segments  will  collect  carbon  dust  and  produce 
short  circuiting.  The  brush  holders  should  be  entirely  insulated 
from  the  carrying  case,  and  if  any  of  the  insulating  bushings, 
washers  or  plates  are  found  defective  they  must  be  replaced  with 
new  ones. 

Q.  What  points  do  makers  of  starting  systems  wish  the  car 
operator  to  bear  in  mind? 

A.  The  user  of  any  electrical  starting  and  lighting  system  will 
avoid  trouble  and  expense  by  the  observation  of  the  following 
instructions : 

Don't  replace  worn-out  brushes  with  any  others  than  those  sup- 
plied by  the  manufacturer. 

Don't  put  oil  or  grease  on  the  commutator  of  the  generator  or 
motor.    No  lubrication  is  wanted  there. 

Don't  turn  the  hose  on  the  generator  or  motor  when  washing 
your  car. . 

Don't  tighten  up  on  the  silent  chain  drive  unless  the  slack  be- 
comes excessive  from  stretching.  The  chain  must  be  run  with  a 
reasonable  amount  of  slack  to  prevent  noise  and  wear. 

Don't  fail  to  lubricate  the  silent  chain  drive  at  frequent  inter- 
vals. Noise  will  be  eliminated  and  wear  reduced.  Keep  the  chain 
and  sprockets  clean,  and  free  from  dirt  and  gravel. 

Don't  try  to  run  the  car  with  the  starting  motor  as  this  will 
seriously  injure  the  battery. 

Don't  make  any  adjustments  without  knowing  what  the  result 
will  be. 

Don't  take  anything  apart  unless  you  are  sure  you  can  put  it 
back  together  again. 

Do  not  connect  additional  apparatus,  such  as  electrical  horns, 
cigar  lighters,  etc.,  to  the  system  without  taking  the  matter  up 
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Fig.  JSJ^-Non-Technical  Wiring  Diagram  Showing  Arrangement  of 
Parts  of  Gray  &  Davis  Two  Unit,  Two  Wire  Starting  and  Lighting 
System.  Utilizing  Centrifugalljr  Governed  Generator. 
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with,  the  factory.  The  surplus  capacity  of  the  system  is  large,  but 
there  is  a  limit  to  the  amount  of  current  which  the  generator  can 
produce.  Use  the  same  judgment  and  reason  in  the  operation  of 
the  electric  lights  on  a  car  as  you  do  those  in  your  home  or  garage. 
When  a  car  is  running  it  is  not  necessary  to  bum  all  the  lights, 
the  two  head  and  the  tail  are  all  that  are  required  or  that  are 
of  any  service.  When  the  car  is  standing  at  night,  use  the  side 
and  tail  lights  only.  When  push  type  connectors  are  used,  if  halves 
of  connectors  are  loose  when  pushed  together,  the  contact  will  be 
poor.  Spread  the  connector  posts  slightly  so  that  they  will  slide 
in  their  sockets  snugly.  If  Ediswan  type  are  used,  and  plunger 
springs  in  connector  do  not  operate,  replace  the  connector  with  a 
perfect  one. 


LESSON  THIRTY-NINE 

USEFUL  INFORMATION  FOR  MOTORISTS- 
WINTER  DRIVING 

(Courtesy  of  Willys-Overland  Co.,  Toledo,  Ohio.) 

Tire  Chains. — For  driving  in  winter,  or  on  slippery  roads,  the 
use  of  tire  chains  is  advisable.  The  chains  should  be  properly 
adjusted.  When  they  are  applied  too  tightly  they  will  cut  the 
tread  and  render  it  useless  in  a  short  time.  Adjust  the  chains 
so  that  they  will  shift  around  over  the  tread,  to  distribute  the 
wear. 

In  an  emergency,  as  when  the  car  has  become  mired,  or  the  road 
is  so  slippery  that  the  wheels  cannot  secure  suflficient  hold  to  move 
the  car,  a  rope  wound  around  the  rear  wheel  in  between  the  spokes 
will  be  found  a  simple  and  effective  means  of  getting  started. 

Non-freezing  Cooling  Solutions. — ^Whenever  the  temperature 
approaches  40  degrees  Fahrenheit  above  zero,  the  cooling  system 
should  be  made  frost-proof  by  mixing  a  non-freezing  substance 
with  the  water.  Wood  alcohol  or  denatured  alcohol  is  best  for  that 
purpose. 

The  following  table  may  be  used  in  estimating  the  quantity  of 
alcohol  required  for  different  temperatures : 

Model  69— Capacity  of  Cooling  System  4%  Gallons. 

4  pints  alcohol  added  to  the  water  will  not  freeze  at  10  degrees 
Fahrenheit  above  zero. 

714  pints  alcohol  added  to  the  water  will  not  freeze  at  5  degrees 
Fahrenheit  above  zero. 

9%  pints  alcohol  added  to  the  water  will  not  freeze  at  zero  Fah- 
renheit. 
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15  pints  alcohol  added  to  the  water  will  not  freeze  at  25  degrees 
Fahrenheit  below  zero. 

Model  71— Capacity  of  Cooling  System  6  Gallons. 

4%  pints  alcohol  added  to  the  water  will  not  freeze  at  10  degrees 

Fahrenheit  above  zero. 
9^  pints  alcohol  added  to  the  water  will  not  freeze  at  5  degrees 
Fahrenheit  above  zero. 
12  pints  alcohol  added  to  the  water  will  not  freeze  at  zero  Fahren- 
heit. 
19  pints  alcohol  added  to  the  water  will  not  freeze  at  25  degrees 
Fahrenheit  below  zero. 
Since  alcohol  evaporates  more  quickly  than  the  water,  any  loss 
should  be  replaced  with  equal  parts  of  alcohol  and  water. 

The  use  of  powerful  chemicals  like  calcium  chloride,  sodium 
•chloride,  or  of  glycerine  in  cooling  solutions  is  apt  to  have  trouble- 
•some  consequences,  because  the  chlorides  attack  the  metal  of  the 
system,  while  glycerine  will  act  as  a  solvent  of  the  rubber  connec- 
tions and  is  troublesome  in  other  ways. 

CALCIUM  CHLOEIDE  SOLUTIONS 

:2  pounds  salt,  1  gallon  water Freezing  point,  18°  F. 

3  pounds  salt,  1  gallon  water Freezing  point,  1.5°  F. 

4  pounds  salt,  1  gallon  water Freezing  point,  -17°  F. 

.5  pounds  salt,  1  gallon  water Freezing  point,  -39°  F. 

Vatee  and  alcohol  solutions 

Water  95%,  Alcohol     5% Freezing  point,  25°  F. 

Water  85%,  Alcohol  15% Freezing  point,  11°  F. 

Water  80%,  Alcohol  20% Freezing  point,  5°  F. 

Water  70%,  Alcohol  30% Freezing  point,  -5^  F. 

Water  65%,  Alcohol  35% Freezing  point,  -16°  F. 

WATEE,    ALCOHOL    AND    GLYCEEINE    SOLUTIONS 

Water   85%,   Alcohol — Glycerine   15% Freezing  point,  20°  F. 

Water   75%,   Alcohol — Glycerine   25% Freezing  point,  8°  F. 

Water  70%,   Alcohol — Glycerine   30% Freezing  point,  -5°  F. 

Water   60%,   Alcohol — Glycerine  40% Freezing  point,  -23°  F. 

JUcohol  and  Glycerine — equal  proportions. 
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The  Best  Mixture. — Plain  water  and  alcohol  solutions  would' 
be  the  best  were  it  not  for  the  ease  with  which  such  compounds, 
boil  and  the  rapidity  with  which  they  evaporate.  We  have  seen 
that  the  objections  advanced  against  calcium  chloride  solution  have 
ample  foundation  and  that  such  compounds  are  not  suitable  for- 
use,  the  chief  advantage,  that  of  cheapness,  having  been  eliminated 
by  the  reduction  in  the  price  of  denatured  alcohol.  The  addition 
of  a  little  glycerine  to  an  alcohol  and  water  solution  reduces  lia- 
bility of  evaporation,  and  when  used  in  such  quantities  it  has  no- 
injurious  effect  to  speak  of  on  rubber  hose. 

If  the  cooling  water  should  freeze  through  neglect  of  ordinary 
precautions,  do  not  attempt  to  thaw  it  out  by  starting  the  motor, 
but  thaw  it  by  putting  the  car  in  a  warm  place. 

During  cold  weather  the  motor  is  sometimes  hard  to  start  after 
the  cylinders  have  become  thoroughly  chilled.  The  remedy  in  a 
case  of  this  kind  is  to  introduce  a  small  quantity  of  gasoline — 
about  a  teaspoonful — through  the  priming  cocks  direct  into  the 
cylinder.  The  rich  mixture  secured  in  this  way  will  start  the 
motor.  Once  started  the  clyinders  will  warm  up  and  continue  to 
work  without  trouble.  In  most  cases  the  closing  of  the  air-shutter 
in  the  carburetor  will  be  sufficient  to  secure  a  start. 

It  is  always  well,  when  making  a  stop,  to  cover  hood  and  radi- 
ator, which  will  give  considerable  protection  from  the  likelihood  of 
freezing  and  also  make  a  new  start  easier. 

A  cloth  wrung  out  in  very  hot  water  and  held  around  the  car- 
buretor also  will  facilitate  starting  in  extremely  cold  weather. 
This  may  become  necessary  in  extremely  low  temperatures,  when 
water  which  may  have  entered  the  float  chamber  of  the  carburetor 
and  separated  from  the  gasoline  is  likely  to  freeze  and  clog  up  the 
spray  nozzle. 

Cold  Weather  Lubrication. — The  oiling  system  deserves  some 
attention  during  the  winter.  Do  not  use  too  thick  a  lubricant,  for 
the  cold  will  congeal  it  still  more.  When  starting  in  cold  weather 
run  the  motor  slowly  for  a  short  time,  until  things  are  warmed! 
up  sufficiently  for  the  oil  to  flow  freely. 
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Body  Polish. — A  much  recommended  body  polish  is  made  by 
tnixing  the  following  ingredients: 

Turpentine 1  gallon 

Paraffine  Oil 1  pint 

Oil  of  Citronella 3i/^  ounces 

Oil  of  Cedar li/^  ounces 

Another  scheme  is  to  use  a  mixture  of  boiled  linseed  oil  and 
turpentine,  applying  it  sparingly  and  rubbing  absolutely  dry.  The 
use  of  these  polishes  will  restore  even  an  old  car  to  a  degree  of 
brightness  that  will  please  the  owner.  Floor  wax  is  also  used,  as 
is  furniture  polish. 

Care  of  Tops. — ^Mohair  tops  should  be  frequently  dusted  and 
brushed  off.  Pantasote  tops  and  curtains  are  best  cleaned  with  a 
soft  brush  dipped  in  water  to  which  a  little  ammonia  has  been 
added.  Afterwards  rub  dry.  Never  attempt  to  clean  top  and  cur- 
tains with  gasoline  or  kerosene.  Do  not  fold  the  top  until  it  has 
become  thoroughly  dry,  because  any  moisture  remaining  in  the 
folds  is  apt  to  cause  mildew,  besides  making  the  top  leaky  and 
unsightly  with  spots.  When  a  car  is  not  used  for  some  time,  it  is 
best  to  open  the  top,  which  keeps  it  well  stretched  and  smooth. 

Care  of  Leather  Upholstery. — Do  not  use  gasoline  in  cleaning 
leather  upholstery.  Plain  water  with  a  little  ammonia  will  remove 
the  dirt  and  a  brisk  rubbing  with  a  clean  woolen  or  flannel  cloth 
w^ill  do  the  rest.  For  still  more  careful  treatment  use  a  regular 
leather  dressing. 

Care  of  Cloth  Upholstery. — ^Do  not  use  an  acid  solution  in 
cleaning  cloth  upholstery. 

Cloth  is  not  affected  by  climatic  conditions  and  withstands  both 
heat  and  cold,  and  having  no  oil  in  its  make-up,  does  not  pick  up 
or  hold  dust  readily.  To  remove  ordinary  dust,  beat  cushions  and 
backs  lightly  with  stick  or  carpet  beater,  then  remove  dust  with 
whisk-broom  or  brush.  Grease  or  oil  may  be  removed  by  the 
application  of  a  solution  of  lukewarm  water  and  Ivory  soap  applied 
with  a  woolen  cloth. 


INDEX 


A. 

Accessories,  Useful 

Acid,  Effect  of  in  Oil 

Acid,  How  to  Determine  in  Oil 

Action  of  Centrifugal  Pumps  . 

Action  of  Differential  Gear  . . . 

Action  of  Friction  Drive  Axle  . 

Action  of  Gear  Pump   

Action  of  Induction  Coil 

Action  of  Progressive  Gearset  . 

Action  of  Typical  Dynamo  . . . 

Adjusting  Brakes 

Adjusting  Simple  Carburetors. 

Adulterants,  How  to  Detect  in 
Oil   

Advantages  of  Electric  Ignition 

Advantages  of  Eight  and 
Twelve  Cylinder  Motors  . . . 

Advantages  of  Gear  Drive 

Advantages  of  Magneto  Ignition 

Advantages  of  Selective  Gearset 

Air  Circulating  Fan  Drives  . . . 

Air  Circulating  Fans 

Air  Circulating  Through  Radi- 
ator     

Air  Cooling,  Advantages  of  . . 

Air  Cooling  by  Blower  Draft  . 

Air  Cooling  by  Convection  and 
Radiation 

Air  Cooling  by  Flywheel  Suc- 
tion  

Air  Cooling  by  Radiation  .... 

Air  Cooling  by  Simple  Radiat- 
ing System    

Air  Cooling,  Defects  of 

Air  Cooling  Methods 


Air  Currents,  How  Produced  .  236 

Air  Gap  of  Spark  Plugs 154 

565     Airless  Tires  387 

213     Air  Resistance,  Effect  of 33 

213      Air  Starting  System  620 

245     Air  Stove,  Use  of 600 

323     Alcohol-Acetylene  Process  ....  Ill 

280     Alcohol  as  Fuel 110 

245  AH  Spur  Planetary  Gear  ....  281 
158  Angle  of  Clutch  Cone  Taper  . .  259 
293     Angular  Loads   407 

176  Anti-freezing  Solutions 684 

541     Anti-friction  Bearings,  Install- 
131         ing   419 

Anti-friction    Bearings,    Types 

216         of  ^ 404 

144      Armature,  How  Wound 179 

Armored  Wood  Frame  342 

586      Artillery  Wheel 367 

313      Assembling  Ball  Bearings 421 

177  Auto-Lite  System  666 

297      Automatic  Pinion  Shift 642 

255  Automatic  Speed  Governor  . . .  431 
254      Automatic  Type  Carburetor  . .  127 

Automobile  Bodies.  How  Made    33 
252      Automobile     Bodies,     Torpedo 

238  and  Streamline   33 

238      Automobile  Brakes 448 

Automobile,  Definition  of  ... .     17 
234      Automobile,  Essential  Elements 

of 23 

237  Automobile  Lubricants    212 

234      Automobile  Parts,  Functions  of    30 

Automobile  Parts,  How  Lubri- 
234         cated    217 

238  Automobile  Power  Plant,  Fuels 
234         for    105 

687 


€88 


Index 


Automobile  Power  Plant,  Func- 
tion of 23 

Automobile  Power  Plant,  How 

to   Start   425 

Automobile  Power  Plants,  Mul- 
tiple     49,  593 

Automobile  Power  Plant,  Parts 

of  27 

Automobile,  Principal  Types  of  17 
A-utomobile,     Principal     Body 

Types    32 

Automobile  Warning  Signals  .  570 

Automobile  Wheels 367 

Automobiles,  Classes  of 21 

Automobiles,  Electric 18 

Automobiles,  Gas  Power  for  . .  18 
Automobiles,  How  They  Differ  21 
Automobiles,  Power  Needed  for  35 
Automobiles,  Steam  Power  for    17 

Auxiliary  Air,  Value  of 128 

Axle,  Combined  Dead  and  Live  334 

Axle,  Double  Reduction 335 

Axle,  Friction  Driv* 280 

Axle,  Front 363 

Axle,  Full-floating 332 

Axle,  Functions  of  Rear 329 

A^le,  Live  Types 332 

Axle,  Semi-floating 332 

Axle,  Two-speed  Direct  Drive  .  337 

Axle,  Types  of  Rear 329 

Axles,  One  Piece  for  Steering  .  356 
Axles,  Types  of 363 

B. 

Back  Lash  in  Steering  Gears  . .  537 

Ball  Bearing,  Assembling  ....  421 

Ball  Bearings 407 

Ball  Bearings,  Lubricant  for  . .  423 

Ball  Thrust  Bearing  for  Clutch  261 

Band  Type  Clutch 271 

Battery — Magneto  Systems  . . .  187 

Battery,  Primary   164 

Battery,  Secondary !1  fi5 


Bearing,  Take  Down 414 

Bearings,  Adjustment  of 88 

Bearing,  Anti-friction 400 

Bearings,  Ball  407 

Bearings,  Die  Cast 402 

Bearings,  Fitting  to  Shaft 402 

Bearings  for  Conecting  Rods  .     87 

Bearings,  Friction  of 412 

Bearings,  How  Used 400 

Bearings,  Load  Imposed  on  . .  407 

Bearings,  Plain 400 

Bearings,  Roller 404 

Bearings,  Scraping-in  403 

Bearings,  Separators  for  ....  414 

Bearings,  Soft  Metal 401 

Benzol  as  Fuel 109 

Bevel  Differential  Gear 323 

Black  Smoke  at  Exhaust,  What 

it  Indicates 131 

Block  Castings,  Cylinders  for  .     58 

Blowouts,  Causes  of 550 

Blowouts,  Permanent  Repair  . .   555 
Blowouts,  Temporary  Repair  .  554 

Body  Designs,  Recent 602 

Body  Polish 686 

Bolted  on  Rims 379 

Bore,  Relation  to  Stroke 89 

Brake  and  Clutch  Interlock  . . .  455 
Brake  Drums,  How  Made  ....  453 

Brake,  Hydraulic   606 

Brake  Location,  External  ....   452 

Brake  Location,  Internal 452 

Brake  Shoes 453 

Brake,  Use  of  Engine  as 464 

Brakes,  Adjustment  of 541 

Brakes  for  Automobiles* 448 

Brakes,  Cork  Inserts  In 453 

Brakes  for  Countershaft 450 

Brakes,  How-  Operated 455 

Brakes,  Materials  Used  in  . : . .  453 

Brakes,  Troubles  with 541 

Brakes,  Where  Applied 449 

Built-up  Crankshafts 91 

^Hmping,  Cause  of  ..*.,• 492 


Index 


689 


C. 

Cambered  Side  Members 343 

Camshaft,  Function  of 77 

Camshaft,  Method  of  Drive  ...  78 
Cams,  How  They  Raise  Valves    79 

Cams  Inlet  and  Exhaust 78 

Cantilever  Spring 602 

Capacity  of  Storage  Battery  . .  171 
Carbon  Deposits,  Formation  of  502 
Carbon  Deposits,  Removal  of  .  502 
Carburetion,  Definition  of  ....  116 
Carburetor,  Automatic  Type  . .  127 
Carburetor,  Auxiliary  Air  for  .  128 
Carburetor,  Bubbling  Type  . . .  120 

Carburetor,  Concentric  124 

Carburetor,  Float-feed 122 

Carburetor,  Multiple  Jet 129 

Carburetor,   Simple   Mixing 

Valve  Type  121 

Carburetor  Spraying  Type  . . .  121 
Carburetor,  Surface  Type  ....  120 

Carburetor  Troubles 512 

Carburetor,  Venturi  Tube  Type  126 

Carburetor,  Wick  Type 120 

Carburetors,  How  Adjusted  . .  131 
Carburetors,  Simplest  Form  of  120 
Care  of  Chains  and  Sprockets  531 

Care  of  Tops 686 

Care  of  Upholstery 686 

Carrying  Tools,  Clothing,  etc.  .  579 
Caster  Front  Axle  Construction  366 

Cast  Steel  Wheel 368 

Causes  of  Lost  Power 494 

Causes  of  Sudden  Car  Stop  . .  487 
Central    Location    of    Control 

Levers 456 

Centrifugal  Pump,  Action  of  .  245 
Chain  Drive,  Enclosed  Type  . .  312 
Chain  Pitch,  Definition  of  ....  310 
(Chains  and  Sprockets,  Care  of  531 
Change  Speed  Gear  for  Four 

Wheel  Drive   314 

Change   Speed   Gearing,  Four 

Speed    299 


Change  Speed  Gearing,  Frio- 

tion  Type ; 274 

Change   Speed   Gearing,   How 

Placed   301 

Change   Speed   Gearing,   Indi- 
vidual Clutch 287 

Change  Speed  Gearing,  Plane- 
tary      281 

Change    Speed    Gearing,   Pro- 
gressive Sliding  Gear 293 

Change  Speed  Gearing,  Selec- 
tive Type 295 

Change  Speed  Gearing,  Sliding 

Type    291 

Change    Speed    Gearing,   Unit 

with  Motor 303 

Change   Speed   Gearing,   Why 

Needed    272 

Charging  Storage  Batteries  . . .  173 

Chassis  Design  for  1916 602 

Circuits,  Open  and  Closed  ....  148 

Climbing  a  Grade 462 

Clincher  Rim 377 

Clutch  Action,  Principle  of  . .  257 
Clutch  and  Brake  Interlock  . .  455 

Clutch,  Band  Type 271 

Clutch,  Cone  Type  . . .  .* ..  258 

Clutch,  Five  Plate  Type 266 

Clutch,  Friction  Disc  Action  . .  274 
Clutch,     Function     of     Ball 

Thrust  Bearing 261 

Clutch,  Hele-Shaw  Design  ...  268 

Clutch,  Inverted  Cone 258 

Clutch  Lubrication 471 

Clutch  Materials,  Friction  of  .  260 
Clutch,  Multiple  Disc  Type  ...  267 

Clutch,  Overrunning fr40 

Clutch  Pedal,  Function  of  ... .  440 

Clutch,  Requiremaits  of 271 

Clutch,  Three  Plate  Type 263 

Clutch  Troubles 521 

Clutch  Trouble,  Cone  Does  Not 

Release    523 

Clutch  Trouble,  Failure  to  Drive  522 


690 


Indeoo 


Clutch  Trouble,  Harsh  Engage- 
ment   621 

Clutch  Trouble,  Multiple  Disc  524 
Clutch      Trouble,     Preventing 

Spinning 524 

Clutch  Trouble,  Slipping 521 

Clutch  Trouble,  Weak  Spring  .  523 

Clutch,  Why  Used 256 

Coefficient  of  Friction,  Defini- 
tion of 260 

Coefficients  of  Friction  of  Ma- 
terials      260 

Cold  Test  of  Oil 215 

Cold  Weather  Lubrication   ... .  685 

Color  or  Exhaust  Gases 133 

Combination    Battery-Magneto 

Systems 187 

Combustion,  Air  Needed  for  . .  116 

Combustion,  External 38 

Combustion,  Internal 38 

Combustion,  What  It  Is 114 

Common     Method     of     Water 

Cooling 240 

Commutator  or  Timer  Defects  505 
Complete   Outfit   for   Care   of 

Tires    545 

Compound.  Springs 350 

Compression,  How  to  Test  . . .  494 
Compression,  Value  of  ....'.. .  38 
Concentric  Float  Carburetor  . .  124 
Condenser  for  Induction  Coil  .  157 

Cone,  Angle  of  Taper :  259 

Cone  Brake,  Application  of  . .  263 

Cone  Clutch : . . . . ' 258 

Cone  Clutch,  Advantages  of  . .  261 
Cone  Clutch,  Disadvantages  of  261 

Cone  Clutch,  Inverted  ... 258 

Cone  Clutch,  Preventing  Spin- 
ning     262 

Cone,  Materials  to  Face 260 

Connecting  Rod  Bearings 87 

Connecting  Rod,  Forms  of  . . .  87 
Connecting  Rod,  Function  of  .  86 
Connecting  Rod,  Length  of  . .     86 


Connecting  Rod,  Materials  Used 

in   86 

Constant  Level  "Splash  System  221 
Construction     of     Differential 

Gear 323 

Construction  of  Dry  Battery  . .  165 
Construction      of      Pneumatic 

Tires    390 

Construction  of  Storage  Battery  169 
Control  Levers,  Stiff  Action  of  540 

Controlling  Engine  Speed .   430 

Controlling  Planetary  Gearset  433 
Cooling  Flanges,  How  Applied  236 
Cooling  Methods,  Possible  .  . .  231 
Cooling,  Simplest  Method  of  . .  231 
Cooling  Systems,  Heat  Loss  in  233 

Countershaft  Brakes 450 

Counter  Weights,  Where  Used     91 

Crankcase,  Barrel  Type 95 

Crankcase,  Forms  of 95 

Crankcase,  Function  of 95 

Crankcase  Materials 95 

Crankcase,  Two  Piece 96 

Crankpins,  Spacing  of 92 

Crankshaft,  Built  up 91 

Crankshaft,  Functions  of  ...  .     90 

Crankshafts,  How  Made 90 

Crankshafts,  Number  of  Main 

Bearings 94 

Cylinder    Head,     JMethods     of 

Constructing 58 

Cylinder,  Hottest  Portion  of  . .   231 

Cylinder,  L  Head 60 

Cylitider  Oil,  Specifications  of  .  217 
Cylinder,  Relation  of  Bore  to 

Stroke    89 

Cylinder,  T  Head 60 

Cylinder,  Valve  Chambers  for  56 
Cylinder,  Water  Jackets  for  . .     56 

Cylinders,  Block  Castings 58 

Cylinders  for  Gas  Engines  . . .     54 

Cylinders,  Individual 58 

Current    Consumption    of    In- 
duction Coil 163 


Index 


G91 


Cushion  Tires 386 

Cut-out  Valve  for  Muffler  ....  140 

D. 

Defects  of  Valve  Systems 503 

Definition  of  Automobile  ....  17 
Definition     of     Coefficient     of 

Friction 260 

Definition  of  Internal  Combus- 
tion         38 

Delco   System    646 

Deleo  System  Operation 650 

Demountable  Rim 379 

Design  of  Manifold 100 

Detachable  Artillery  Wheel  . .  375 
Detchable  Wheel,  Rambler  ...   375 

Detachable  Wire  Wheel 373 

Detecting  Missing  Cylinders  . .   508 

Die  Cast  Bearings   402 

Diesel  System 118 

Differential  Gear,  Action  of  . .  323 
Differential  Gear,  Bevel  Type  323 
Differential  Gear,  Construction  323 
Differential  Gear,  Forms  of  . . .   323 

Differential  Gear  Lock 328 

Differential  Gear,  Spur  Type  .  323 
Differential  Gear,  Why  Needed  321 
Differential    Gearing,    Trouble 

With    533 

Differential  Gearing,  Worm  . .  607 
Differential   Piston,   Two-cycle 

Engine 45 

Discharge  Rate,  Meaning  of  . .  173. 
Distributor  Ingnition  System  .  197 

Double  Ignition  Systems 203 

Double  Reduction  Axle 335 

Double  Reduction  Chain  Drive  308 
Double  Reduction  Drive  System  308 
Double  Reduction   Gear  Drive  310 

Drag  Link,  Use  of 357 

Drive  Chains,  Silent  Type  . . .   312 

Drive  Gearing,  Types  of 304 

Driving  Chains,  Block  or  Roller  311 
Driving  Chains,  Forms  of  ....   310 


Driving  Gears,  Defects  of  ....  532 

Driving  Hints   460 

Dry  Batteries,  How  Measured.    162 
Dry  Battery  Construction  ....  165 

Dry  Cells,  Sizes  of 169 

Dynamo    and    Magneto    Com- 
pared    175 

Dynamo  Drives 187 

Dyneto-Entz  System   656 

E.    / 

Efficiency  of  Power  Transmis- 
sion Systems   313 

Electrical  Ignition   143 

Electrical  Units    161 

Electricity,  How  Measured  . . .  161 
Electricity,  Methods  of  Produc- 
ing     164 

Electric   Automobile,    Features 

of   18 

Electric  Gearshift,  Advantages 

of  446 

Electric  Lighting,  Methods  of    568 

Electric  Motor  Starters 624 

Emergency     Oil     Supply     to 

Crankcase   230 

Emergency  Stop <. . .  458 

Engine  Control  Levers,  Where 

Placed   363 

Engine,  How  to  Prime 420 

Engine,  Eight  Cylinder 593 

Engine,  Tw^elve  Cylinder   590 

Engine  Lubricants   465 

Engine   Starters    619 

Engine  Speed  Control 430 

Equipment     of     Motor     Cars 

Regular  565 

Erratic  Steering,  Cause  of  . . .  492 
Essential    Elements    of    Auto- 
mobiles         23 

Excess  Air  in  Mixtures,  How 

Indicated .\  132 

Exhaust  Gas,  Color  of 133 

Exhaust  Gas  Muffler 139 


692 


Index 


Exhaust  Stroke,  Actual  Dura- 
tion  of    71 

Exploding  Gas  in  Cylinder  . . .  141 

External  Brakes   452 

External    Combustion,    Defini- 
tion of   38 

F. 

Fan  Bearings,  How  Oiled   . . .  469 

Faults  of  Spark  Plug 506 

Filing  Cuts  in  Casings 557 

Fire  and  Flash  Tests  of  Oil  . .  214 
Five    Plate    Clutch,    Construc- 
tion of 266 

Floating  Battery  on  the  Line  .  188 

Float  Feed  Carburetor 122 

Float  Bowl  Defects   515 

Flywheel,  Attachment  to  Crank- 
shaft       98 

Flywheel,  Diameter  of   96 

Flywheel,  Functions  of 96 

Flywheel,  Marks  on  Rims  ....  100 
Flywheel,  Peripheral  Speed  of    96 

Flywheel,  Simplest  Type 98 

Flywheel,  Use  in  Oil  Circula- 
tion      223 

Forced  Circulation  Methods  . .  241 
Forced     Circulation      System, 

Parts  of  242 

Four-Cycle  Engine,  Advantages  47 
Four  Cylinder  Engine  Ignition  196 

Four  Point  Support   102 

Four  Speed  Gearset 299 

Four  Stroke  Cycle  Gas  Engine  41 
Four  Wheel  Drive,  G«arset  for  314 
Four  Wheel  Drive  System  . . .  314 
Four  Wheel  Drive,  Wheel  for  317 

Frame,  Armored  Wood 342 

Frame,   Cambered   Side  Mem- 
bers      343 

Frame,  Construction  of 345 

Frame,  Function  of 341 

Frame  Parts,  Lubrication  of. .  477 


Frame,  Pressed  Steel 342 

Frame  Side  Member,  Repairing  534 

Frame,   Underslung   344 

Frame,  Upswept  Side  Members  343 
Frames,  Materials  of  Construc- 
tion      341 

Frames,  Use  of  Wood  in 341 

Front   Axle,    Caster   Construc- 
tion    366 

Front  Axle  Construction  ....  363 
Front  Axle,  I  Beam  Form  . . .  364 
Front  Axle,  Troubles  with  ....  540 

Front  Wheel  Bearings 366 

Friction  Change  Speed  Gearing  274 
Friction  Drive  Axle,  Action  of  280 
Friction  Gear,  Applied  to  Rear 

Axle  278 

Friction  Gear,  Driving  Member  275 
Friction  Gear  for  Large  Power  277 
Friction  Gear,  Limitations  of  .  276 
Friction  Gearing,  Parts  of  . . .  274 
Friction      Gearing,      Speed 

Changes  with 275 

Friction  Gearset  Control 435 

Friction  of  Bearings   412 

Friction  Transmission  Trouble  525 

Friction,  What  It  Is 210 

Fuel  Injection  System 119 

Fuel  Supply  System  Faults  . .  488 
Fuels    for    Automobile    Power 

Plant   105 

Fuels,  Liquid 105 

Full  Elliptic  Springs 348 

Full  FU  ating  Axle 332 

Function  of  Clutch  Pedal  ....  440 

Function  of  Radiator 248 

Function  of  Sub-frame 345 

Function  of  Valves 58 

Functions  of  Automobile  Parts.  30 

Functions  of  Flywheel   96 

Functions  of  Induction  Coil  . .  155 

Functions  of  Manifolds   100 

Functions  of  Radius  Rods  ....  354 
Functions  of  Vibrator 156 
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Gas  Engine,  Comparison  with 

Steam    37 

Gas  Engine  Crankshafts 90 

Gas  Engine  Cylinder  Lubrica- 
tion     212 

Gas  Engine,  Diesel  System  . . .  118 
Gas  Engine,  Four  Stroke  Cycle  41 
Gas  Engine,  Long  Stroke  ....  89 
Gas  Engine,  Main  Elements  of  39 
Gas  Engine,  Operating  Princi-' 

pie  of  37 

Gas  Engine,  Two  Stroke  Cycle  39 
Gas  Engines,  Cylinders  for  . .  54 
Gas    Engines,    Five    or    Seven 

Cylinder    ' 53 

Gas  Engines,  Knight  Type  ...     65' 
Gas   Engines,   Multiple   Cylin- 
der   49,  585 

Gas      Engines,      Eight      and 

Twelve  Cylinder  586 

Gas  Engines,  Number  of  Cylin- 
ders Used  49 

Gas  Engines,  Parts  of 54 

Gas     Engines,     Weight     per 

Horsepower    53 

Gas  Power,  Advantages  of  . . .     18 

Gas  Supply  to  Cylinders 38 

Gasoline  as  Fuel 106 

Gasoline,     Chemical     Composi- 
tion of 115 

Gasoline  Motor,  How  to  Crank  428 
Gasoline  Proportion,  How  Reg- 
ulated   131 

Gear  Drive,  Advantages  of  . . .  313 

Gear  Pump,  Action  of 245 

Gearing,  Differential 321 

Gearing,  Friction   274 

Gearshift,  Electric   444 

Ctenerators,  Electric   630 

Generator  Regulation    634 

Gradient  Resistance  34 

Groves  in  Cylinder,  Cause  of  . .  501 


Heat  Loss  in  Cooling  System  .  233 
Heating,     Due     to     Defective 

Lubrication 520 

Hele-Shaw  Clutch 268 

High    Tension    Magneto,    Ad- 
vantages of 177 

High  Tension  Magneto,  Princi- 
pal Types  of       179 

High  Tension  Systems 195 

Hissing,  Cause  of 489 

Hot  Head  Ignition 142 

Hot  Tube  Ignition 141 

Hottest  Portion  of  Cylinder  . .  23] 
How     Automobile     Parts     are 

Lubricated 217 

How  Dry  Cells  are  Used 167 

How  Gas  is  Exploded 141 

How  Gas  is  Silenced 140 

How  to  Crank  Motor 428 

How  to  Prime  Engine 42^ 

How  to  Remove  Valves 495 

How  to  Tickle  Carburetor 428 

Hydraulic  Brake 606 

L 

I  Beam  Axle 364 

Igniter  Plate  for  Low  Tension 

Spark 192 

Ignition  by  Distribution  System  197 
Ignition  by  Double  System  . . .  20^^ 

Ignition  by  Electricity 14? 

Ignition  by  Hot  Head 142 

Ignition  by  Hot  Tube 141 

Ignition    by    Master    Vibrator 

System 199 

Ignition  by  Open  Flame 141 

Ignition  by  Transformer   Coil 

System 201 

Ignition  by  True  High  Tension 

Magneto    199 

Ignition  by  Two-point  System  206 
Ignition  by  Unisparker  System  205 
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Ignition   System   Faults,   How 

to  Detect 487 

fgnition  System  for  Four  Cyl- 
inder Engine   196 

Ignition  System  Troubles  ....  503 
Ignition      Systems,     Principal 

Parts  of  147 

:Aidividual     Clutch     Change 

Speed  Gear  287 

Individual   Clutch   Gear,    Con- 
struction of   288 

Individual  Clutch  Gear,  Silent 

Chain  Type   289 

Individual  Clutch  Gearset  Con- 
trol   444 

Individual   Cylinders    58 

Individual  Coil  Action 158 

Induction  Coil,  Functions  of. .  155 

Induction  Coil  Parts 155 

Induction  Coil  Troubles 507 

Inlet  and  Exhaust  Cams 78 

Inlet  Manifold  Trouble  ......  515 

Inlet  Stroke,  Actual  Duration 

of 71 

Inner  Tube,  How  to  Remove  . .  557 
Installing    Anti-friction    Bear- 
ings      419 

Insufficient   Lubrication,    Signs 

of    480 

Internal  Brakes 452 

Internal  Combustion,  definition 

of 38 

Internal  Planetary  Gearing  . . .  284 
Irreversible  Steering  Gear  . . .  360 
Improvements  in  Design 583 
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Kerosene  as  Fuel 108 

Kerosene  Vaporizer,  Action  of  136 
Kerosene   Vaporizer  for   Two- 
cycle  Engine 139 

Knocking  Noise,  Cause  of  ....  489 


Laminated  Wood  Frame 342 

Leaf  Springs 347 

Leather  Universal  Joints    ....    619 
Lighting  Automobiles,  Methods 

of 565 

Limitation  of  Friction  Gear  . .   270 

Liquid  Fuels,  Alcohol 110 

Liquid  Fuel,  Benzol 109 

Liquid  Fuels,  Best  Storage  Sys- 
tem     113 

Liquid  Fuels,  Gasoline   106 

Liquid  Fuels,  How  Carried  in 

Automobiles   113 

Liquid  Fuels,  Kerosene 108 

Load,  Angular 407 

Load,  Radial   407 

Load,  Thrust 407 

Loads  Imposed  on  Bearings  . .   407 
Location    of    Change    Speed 

Gears 301 

Lock  for  Differential  Gears  . .   328 
Logical   Steering  Wheel   Posi- 
tion    456 

Long  Stroke  Gas  Engine 89 

Loose  Bearings,  How  to  Detect  516 

Lost  Power,  Causes  of '. .  494 

Low  Grade  Fuels,  How  Utilized  134 
Low    Tension,    Igniter    Plate, 

Construction  of 192 

Low  Tension  Ignition,  Advan- 
tages of 194 

Low  Tension  Ignition  Systems  189 
Low    Tension    Magneto,    Why 

Timed    104 

Low  Tension  Spark  Coil  .....  191 
Low    Tension    Spark,    How 

Timed    189 

Lubricant,  Effect  of  Acid  in 213 

Lubricant  for  Ball  Bearings  . .  423 

Lubricant  for  Cylinder 212 

Lubricant  for  Engine 465 

Lubricant,  Testing  for  Acid  . .  213 
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Lubricants,  Best  for  Automo- 
bile Use 212 

Lubricants,  Cold  Test  of 215 

Lubricants,  Derivation  of  ....  211 

Lubricants,  Fire  Test  of 215 

Lubricants,  Flash  Test  of 214 

Lubricants,     How     to     Detect 

Adulterants    »  . . . .  216 

Lubricants,  Organic 473 

Lubricants,  Viscosity  of 213 

Lubricants,  Where  Oil  is  Used  211 
Lubricants,  Where  Only  Greases 

are  Used 211 

Lubricants,  Wood  or  Cork  Filled  473 
Lubricating  Sliding  Gearset  . .  471 
Lubricating  System,  Typical  . .  227 
Lubricating  by  Constant  Level 

Splash  System 221 

Lubrication      by      Mechanical 

oners 219 

Lubrication  by  Pressure  Feed  .  218 
Lubrication  by  Sight  Feed  . . .  218 
Lubrication,  Cold  Weather  . . .  685 
Lubrication,  Definition  of  ....  210 
Lubrication,   Instructions   for 

Chalmers  482 

Lubrication,     Instructions     for 

Packard 484 

Lubrication  of  Automobile  Parts  217 

Lubrication  of  Clutch 470 

Lubrication  of  Drive  Chains  . .  473 
Lubrication  of  Engine  Exterior 

Parts 467 

Lubrication  of  Engine  Interior  466 

Lubrication  of  Fan *  469 

Lubrication  of  Frame  Parts  . .  477 
Lubrication  of  Front  Axle  ....  476 

Lubrication  of  Pump 469 

Lubrication  of  Rear  Axle  ....  474 

Lubrication  of  Springs 478 

Lubrication  of  Timer 470 

Lubrication  of  Universal  Joints  474 
Lubrication,  Why  Necessary  . .  210 
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Magneto  Armatures,  Speed'  of  183 
Magneto   Breaker   Box,   Func- 
tions of 180 

Magneto  Condenser,  How  Used  180 
Magneto  Distributor,  Functions 

of   179 

Magneto  Drives 185 

Magneto    Faults,    How    to , 

Remedy  509 

Magneto  for  Two-point  Ignition  208 

Magneto,  High  Tension 177 

Magneto,  Low  Tension 177 

Magneto,  Lubrication  of 46& 

Magneto     Spark     Gap,     Why 

needed  180 

Magneto,  Types  of 176 

Main  Bearings,  Crankshaft  ...     94 
Main    Defects    of    Mechanical 

Oilers 518 

Ilain  Defects  of  Pump  Circu- 
lating System 519 

Main  Elements  of  Gas  Engine    39 

Making  a  Gradual  Stop 458 

Manifold  Design 100 

Manifold,  Functions  of 100 

Master  Vibrator  System 199 

Materials  to  Face  Con  Clutch  .  260 

Materials  Used  in  Brakes 453 

Materials  Used  in   Connecting 

Rods 86 

Materials  Used  in  Multiple  Disc 

Clutches    270 

McCue  Wire  Wheel 371 

Mechanical  Generators,  Action 

of  175 

Mechanical  Engine  Starters  . .  622 
Mechanical  Oiler,  Defects  of  . .  518 
Methods  of  Driving  Dynamos  .  187 
Methods  of  Driving  Magneto  .  185 
Methods  of  Producing  Electri- 
city      164 

Mixing  Chamber  Troubles  ....  515 
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Mixing  Valve,  Simple 121 

Miztnre,  How  to  Detect  Defects  131 
Motor  barter,  Air  System  ....  620 
Motor  Starters,  Automatic  . . .  619 

Motor  Starters,  Electric 624 

Motor  and  Generator  iPaults  . .  678 
Muffler  Cut-out,  Function  of  . .  140 

Muffler,  Functions  of 139 

Multiple-Disc  Clutch,  Construc- 
tion of 267 

Multiple-Disc  Clutch,  Features 

of 269 

Multiple-Disc      Clutch,     Hele- 

Shaw  Design   268 

Multiple-Disc  Clutch,  Materials 

Used  in 270 

Multiple  Connection  for  Cells  .  168 
Multiple  Cylinder  Engines  ...     49 

Mutiple  Jet  Carburetor 129 

Multiple-Series  Connection  . . .  168 
Mushroom  Valves,  Forms  of  . .     62 

N. 

Noisy  Exhaust,  Cause  of 489 

Noisy  Operation  of  Engine  . . .  515 
Noisy  Operation  of  Planetary 

Gear 528 

Noisy  Operation  of  Sliding  Gear  528 

Non-Freezing  Solutions 684 

Number  of  Main  Bearings  on 

Crankshafts   94 

0. 

Oil  Circulation  by  Flywheel  . .  223 

Oil  Circulation  by  Pump 222 

Oil    Supply    to    Crankcase   in 

Emergencies   230 

Oil  Supply  to   Engines,  Why 

Regulated   224 

One  Unit  System 626 

Open  and  Closed  Circuits  ....  148 

Open  Frame  Ignition 141 

Operating  Principle  of  Gas  En- 
gine         37 

Outer  Casings,  Life  of 394 


Overheating,  Causes  of 519 

Overhead  Camshaft 595 

Overlubrication,  How  to  Detect  480 
Oxygen  for  Supporting  Com- 
bustion      115 

P. 

Palmer  Cord  Tire 390 

Parts    of    Automobile    Power 

'  Plant  27 

Parts  of  Friction  Gearing  ....  274 

Parts  of  Induction  Coil 155 

Parts  of  Planetary  Gearset  . . .  282 

Parts  of  Spark  Plugs 154 

Parts  of  Storage  Battery 171 

Passing  Other  Vehicles 461 

Peripheral  Speed,  Definition  of    96 

Peripheral  Speed,  Safe 96 

Permissible  Temperature  of  Air 

Cooled  Engine 233 

Piston  and  Ring  Valves 67 

Piston  Bosses 83 

Piston,  Function  of 83 

Piston  Ring  Removal 499 

Piston  Ring  Troubles 499 

Piston  Rings  83 

Piston  Rings,  Common  Forms 

of  84 

Piston  Rings,  Why  Split 84 

Piston,  Size  of 85 

Piston  Speed,  Definition  of  . . .     89 
Planetary  Change  Speed  Gear- 
ing    281 

Planetary     Gearing,     Internal 

Type    284 

Planetary    Gearset,    Adjusting 

Brake  Bands  . , . . , 528 

Planetary  Gearset  Control  ....   433 
Planetary  Gearset  High  Speed 

supping   526 

Panetary  Gearset,  Noisy  Opera- 
tion      528 

Planetary    Gearset,    Obtaining 
Speed  Changes  with 283 
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Planetary  Gearset,  Oiling  ....  471 
Planetary  Gearset,  Typical  . . .  282 

Platform  Springs  348 

Pneumatic  Tires 388 

Pneumatic  Tires,  Outfit  for 

Care  of 545 

Pneumatic  Tires,  Rules  for 

Care  of 563 

Pneumatic  Tires,  Sizes  of  ....  395 
Pneumatic  Tires,  Troubles  with  549 
Pneumatic  Tire  Construction  .  390 
Pneumatic  Tire,  Inflation  Pres- 
sures of 395 

Pneumatic  Tire,  Inner  Tube  . .  393 
Pneumatic  Tire,  Palmer  Cord  .  390 
Pneumatic  Tire,  Rough  Tread  .  393 
Pneumatic  Tire,  Smooth  Tread  393 
Poor  Gear  Shifting,  Cause  of  .  491 
Positive  Drive  Differential  . . .  607 
Power  Needed  for  Automobiles  35 
Power,  Proportion  to  Weight  .  35 
Power  Transmission  by   Skew 

Bevel  Gear 314 

Power  Transmission,  Direct 

Drive  Method 307 

Power  Transmission,  Double  Re- 
duction      307 

Power     Transmission,     Four 

Wheel  Drive  . . . ! 314 

Power  Transmission  Systems  .  304 
Power    Transmission    Systems, 

Efficiency  of 313 

Power  Transmission,  Universal 

Joints  for 313 

Power    Transmission,    Worm 

Drive  307 

Pressed  Steel  Frame 342 

Pressure  Feed  Defects 514 

Pressure  Feed  Lubricator 218 

Pressure  Feed  Oiler 517 

Primary  Battery  Action 164 

Principal    Parts    of    Ignition 

System 147 

Principal  Types  of  Automobiles     17 


Principal  Valve  Defects 497 

Principles    of    Induction    Coil 

Action   158 

Principle  of  Clutch  Action  . . .  257 

Principal  of  Muffler  Action  . . .  140 

Progressive  Sliding  Gearset  ..  293 

Process  of  Valve  Grinding  . . .  497 

Pump  Bearings,  How  Oiled  . .  469 

Pump  Circulation  of  Oil 222 

Pumps  for  Circulating  Water  .  243 

Pumps  for  Oil  Circulation  . . .  224 

Punctures,  Causes  of 549 

Punctures,  How  to  Repair  ....  550 

Puncture  Proof  Tires 398 

Puncture,     Sealing    with     Ce- 
mented Patch   553 

Q. 

Quadrants,  Selective  Types   . .  442 

Quick  Detachable  Rim   378 

R. 

Radial  Load 407 

Radiating  Surface  of  Cylinder  235 

Radiator,  Function  of 248 

Radiators,  Efficiency  of 248 

Radiators,  Types  of 248 

Radius  Rod,  Wear  in  Anchor- 
age   >.....  544 

Radius  Rods,  Functions  of  ...  354 

Rattling,  Cause  of 490 

Rear  Axle,  Dead  Type 329 

Rear  Axle  Friction  Gear 278 

Rear  Axle,  Live  Type 330 

Rear  Axle  Lubrication 474 

Regulating    Gasoline    Propor- 
tions    131 

Regulating  Oil  Supply  to  En- 
gine     227 

Removal  of  Carbon  Deposits  .  502 

Removal  of  Piston  Rings 499 

Removing  Inner  Tube 557 

Repairing  Loose  Bearings  ....  517 

Repairing  Piston  Rings 500 
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Repairing  Steering  System  . . .  539 

Requirements  of  Clutch 271 

Resistance,  Air  33 

Resistance  of  Grades 34 

Resistance,  Traction 34 

Rim,  Bolted  On 379 

Rim,  Clincher 377 

Rim  Cutting,  Causes  of 556 

Rim,  Pemountable   379 

Rim  ,Quick  Detachable 378 

Rings  for  Pistons 83 

Road  Rules   456 

Roller  Bearings 404 

Roller  Bearings,  American  . . .  419 
Roller  Bearings,  Solid  or  Flexi- 
ble      410- 

Roller  Chain   311 

Rotary  Valves 67 

Rough  Tread  Casings 393 

Rusted   Casings,  How  to  Re- 
move   •  • 559 

S. 

Safe  Driving  Speeds 457 

Safe  Peripheral  Speed 96 

Sagging   Frame   Member,    Re- 
pairing      534 

Scraping-in  Bearings 403 

Scratches  in  Cylinder,  Cause  of  501 
Secondary  Battery  Action  ....  165 
Secondary  Winding,  Why  Used  157 

Sectional  Block  Tire 382 

Selective    Gearset,   Advantages 

of  297 

Selective  Gearset  Control  ....  439 
Selective  Gearset,  Four  Speed  299 

Selective  Sliding  Gearset 295 

Semi-Elliptic  Springs   348 

Semi-Elliptic  Springs,  Advan- 
tages of 349 

Semi-Flating  Axle   332 

Series  Connection 168 

Set  Spark,  How  Used  .......  146 


Shaft  Drive  System  Troubles  .  532 
Shock  Absorbers,  Types  of  . . .   573 

Sight  Feed  Lubricator 218 

Silencing  Exhaust  Gas 140 

Silent  Chain  Gearbox 289 

Silent  Type  Drive  Chain 312 

Simple  Battery   Ignition   Sys- 
tem, Parts  of 149 

Simple  High  Tension  Ignition 

Group    195 

Size  of  Dry  Cells 169 

Sizes  of  Valves 62 

Skew  Bevel  Gear  Drive 314 

Skipping,  Causes  of 503 

Sliding  Gear  Car,  How  to  Start  441 
Sliding  Gear  Control  System  . .  439 
Sliding  Car,  Noisy  Operations 

of  528 

Sliding  Gears,  Will  Not  Engage  530 

Sliding  Gearset  Control 436 

Sliding  Gearsets,  Types  of  . . .  291 

Slipping  Clutch 521 
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tages of 401 

Solid  Dual  Tire 381 

Solid  Tires 381 
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Spark,  Why  Retarded 145 

Spark   Coil   for  Low   Tension 

Spark    191 

Spark  Gap,  Why  Needed  .• 180 
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Spark  Lever,  Best  Position  for  432 

Spark  Plug  Faults ,  506 

Spark  Plugs,  Air  Gap 154 

Spark  Plugs,  How  Used 153 

Spark  Plugs,  Parts  of 154 

Spark  Plugs,  Types  of 153 
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Speed  Governor,  Automatic  . .  431 
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Speed    of   Magneto   Armature 

Rotation    183 

Spraying  Carburetor 121 

Spring  Blocks,  Movable 352 

Spring,  Platform  Suspension  .  348 
Spring     Suspension,     Conven- 
tional    349 

Springs,  Common  Types 346 

Springs,  Compound 350 

Springs,  Emergency  Road  Re- 
pair     536 

Springs    for  Valves 81 

Springless  Valve  Designs  ....  595 

Springs,  Full  Elliptic 348 

Springs,  How  Attached  to  Axle  352 
Springs,  How  Secured  to  Axle  366 

Springs,  Leaf   347 

Springs,  Lubrication  of 478 

Springs,     Obtaining     Strength 

and  Flexibility   351 

Springs,  Repair  of 535 

Springs,  Rusty   535 

Springs,  Semi-Elliptic 348 

Springs,  Three-quarter  Elliptic  348 

Spur  Differential  Gear   323 

Squeak,  Cause  of 489 
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Starting   Automobile   Power 
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Starting    Motors,    How    Con- 
nected      639 

Starting  Sliding.  Gear  Car  . . .  441 

Starting  System  Troubles 671 

Steam  Power  for  Automobiles    17 
Steering,  Direct  Leverage  Sys- 
tem   359 

Steering  Gear,  Back  Lash  in  . .  537 
Steering  Gear,  Irreversible  ...   360 
Steering  Gear,  Reduction  Sys- 
tem    359 

Steering  Gear,  Stiff  Action  . . .  537 
Steering  Gear,  Thread  and  Nut  361 


Steering  Gear,   Worm   Reduc- 
tion   361 

Steering  Gears,  How  Oiled  . . .  476 
Steering  Gears,   Taking  up 

Wear  in   637 

Steering  Knuckle,  Elliot 365 

Steering  Knuckle,  Mercedes  . .  365 
Steering  Knuckles,  Types  of  . .  365 
Steering  System,  Complete  for 

Automobiles   357 

Steering  System,  Lost  Motion 

in    539 

Steering  System,  Repairing  . .  539 

Steering  the  Automobile 355 

Stering  Wheel  Position,  Logi- 
cal      456 

Stepney  Emergency  Rim 572 
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Stopping  Gradually 458 
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Storage  Battery  Construction  .  169 

Storage  Battery  Parts 171 

Storage  Battery  Care 669 
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Stripped  Gears,  Cause  of 531 
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Stroke,  Relation  to  Bore 89 

Sub-frame,  Function  of 345 

Sudden   Vehicle   Stop,   Causes 

of   487 

Switch,  Construction  of 151 

Switch,  Lighting 636 

Switch,  What  It  Does 151 

Switch-starting    636 
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Testing  Compression   494 

Testing  Valve  Seating 490 

Thermo-Syphon  System 240 

Thread  and  Nut  Steering  Gear  361 
Three  Port  Two-cycle  Engine  .  44 
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Used  in 265 

Three  Point  Support 102 
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Thrust  Loads 407 
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Timer,  Construction  of 150 

Timers,  Types  of 160 
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Tire  Chains,  Value  of 571 
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Torque,  Definition  of 352 

Torque  Stresses,  How  Resisted  353 
Transformer  Coil  Magneto  Sys- 
tem   201 

Traction  Resistance,  Effect  of    34 
Troubles  of  Ignition  System  . .  503 
Troubles  with  Differential  Gear- 
ing     533 

Troubles  in  Starting  Systems  .  671 
Troubles  in  Lighting  Systems  .  674 


True    High    Teni^on    Magneto 

System    199 

Tubular  Axle 363 

Two-Cycle  Engine,  Advantages 

of  43 

Two-Cycle  Engine,  Differential 

Piston    45 

Two-Cycle  Engine  Three  Port    44 
Two-Cycle  Engine,  Two  Port  .     44 
Two-Cycle    Motors,    Disadvan- 
tages of 45 

Two  Port  Two-Cycle  Engine  . .  44 
Two-Point  Ignition  System  . . .  206 
Two-Point  Magneto  System  . .  208 
Two-Speed  Direct  Drive  Axle  .  337 
Two-Stroke  Cycle  Gas  Engine     39 

Two  Unit  System 621 

Types  of  Magneto 176 

Types  of  Springs 346 

Types  of  Steering  Knuckle  . . .  365 
Typical  Dynamo,  Action  of  . .  176 
Typical  Lubricating  System  . .   227 

U. 

Underslung  Frame 344 

"Unisparker"  System  of  Igni- 
tion      205 

Unit  Power  Plant 102 

Units  of  Electrical  Measurement  161 
Universal  Joints,  Lubrication  of  474 
Universal  Joints,  Wear  in  ....  532 
Universal  Joints,  Why  Used  . .  313 
Upswept  Frame  Members  ....  343 

Useful  Accessories   582 

Using  Dry  Cells 167 

Using  Engine  as  Brake 464 

Using  Low  Grade  Fuels 134 

Utility  of  Change  Speed  Gear- 
ing     272 

V. 

Vacuum  Fuel  Feed 598 

Valve  Chamber,  Use  of 56 


Index 


701 


Valve   Grinding  Process   Out- 
lined   497 

Valve  Lag,  Explaining  .......     73 

Valve  Plunger,  Best  Form  of  .  80 
Valve  Removal,  Process  of  . . .  495 
Valve  Springs,  Strength  of  . . .  83 
Valve  Systems,  Defects  of  ... .  503 

Valve  Timing 70 

Valve     Timing,     Conventional 

Method    73 

Valve  Troubles,  How  to  Detect  559 
Valves,  Determining  Size  of  . .  62 
Valves,  Forms  of  Mushroom  . .     62 

Valves,  Function  of 58 

Valves,  Knight  Sliding  Sleeve  65 
Valves,  Opening  and  Closing  of    70 

Valves,  Operation  of 60 

Valves,  Piston  and  Ring 67 

Valves,  Placing  of 60 

Valves,  Rotary   67 

Valves,  Springs  for 81 

Valves,  Springless 595 

Variable  Ignition,  Why  Neces- 
sary    144 

Venturi  Tube  Carburetor 126 

Vibrator,  Functions  of 156 

Viscosity,  Definition  of 213 

Vulcan  Electric  Gearshaft  . . .  444 

Vulcanizers,  Portable 550 

Vulcanizing,  Acid  Cure 553 

Vulcanizing,  Hot  Process  ....  550 

W. 

Warning  Signals 570 

Water  Circulating  Pumps  ....  243 


Water  Cooling  by  Thermo-Sy- 

phon  System  240 

Water     Cooling,     Common 

Method    240 

Water  Cooling,  System  of  ....  240 

Water  Jacket,  Use  of 56 

Wheel  Artillery 367 

Wheel,  Cast  Steel 368 

Wheel  for  Four  Wheel  Drive  .  317 

Wheel  Rim 377 

Wheels  for  Automobiles 367 

Wheels,  How  Moved  for  Steer- 
ing   357 

Wheels,  Lubrication  of 476 

Wheels,  Method  of  Drive 333 

Wheels,  Spring 376 

Wheels,  Wire  Spoke  Type  ...  369 

White  Smoke  at  Exhaust  ....  132 

Wind  Shield,  Utility  of 572 

Wire  Spoke  Wheels 369 

Wire  Wheel  Advantages 371 

Wire  Wheel  Construction  ....  372 

Wire  Wheel,  Detachable 373 

Wire  Wheels,  McCue 371 

Wire  Wheels,  Rudge-Whitworth  374 

Wiring  Dry  Batteries 168 

Wiring,  Troubles  in   676 

Wood  Frame,  Laminated 342 

Wood  Frames  341 

Worm  Drive  Gear 307 

Worm  Reduction  Steering  Geai  361 

Why  Clutch  is  Needed 256 

Why  Cylinder  is  Cooled 231 

Wristpin,  How  Secured 85 

Wristpiu,  Wby  Used 85 


CATALOGUE 


Of  the  LATEST  and  BEST 

PRACTICAL  and  MECHANICAL 


BOOKS 


Including  Automohile  and  Aviation  Books 


Any  of  these  hookM  wiU  he  sent  prepaid  to  any  part  of  the  worH 
on  receipt  of  price.      Remit  by  Draft,  Postid  Order,  Express 

Order  or  Registered  Letter 


Published  and  For  Sale  By 

The  Norman  W.  Henley  Publishing  Co., 

2  West  45th  Street,  New  York,  U.S.A. 


INDEX 


PAGES 

Mr  Brakes 26,  28 

Arithmetic 16.  29,  36 

Automobile  Books 3,  4,  5,  6 

Automobile  Charts 6,  7 

Automobile  lotion  Ssrstems 6 

Automobile  Lighting. 5 

Automobile  Questions  and  Answers 4 

Automobile  Repairing 4 

Automobile  Starting  Systems 5  • 

Automobile  Trouble  Charts 6,  7 

Automobile  Welding 5 

Aviation 7 

Aviation  Chi^ < 7 

Batteries,  Storage 5 

Bevel  Gear 22 

Boiler-Room  Chart 10 

Brazing 8 

Cams 22 

Carburetion  Trouble  Chart 9 

Change  Gear 22 

Charta 8,  9,  10 

Coal 25 

Coke 11 

Combustion 25 

Compressed  Air 11 

Concrete 11,  12,  13 

Concrete  for  Farm  Use -  13 

Concrete  for  Shop  Use ;  13 

Cosmetics 32 

Cyclecars 6 

Dictionary 14 

Dies 14,  15 

Drawing 16,  16 

Drawing  for  Plumbers 33 

Drop  Forfl^ng 15 

Dynamo  Building 16 

Electric  Bells 16 

£lectric  Switchboards 15,  18 

Electric  Toy  Making 17 

Electric  mring 17,  18,  19 

Electricity 16,  17,  18,  19,20 

Encyclopedia 28 

E-T  Air  Brake 28 

Every-day  Engineering 40 

Factory  Management 20 

Ford  Automobile 3 

Ford  Trouble  Chart 7 

Formulas  and  Recipes 34 

Fuel 20 

Gas  Construction 22 

Gas  Engines 21,  22 

Gas  Tractor 38 

Gearing  and  Cams 22 

Glossary  of  Aviation  Terms 8,  14 

Heating 37 

Horse-Power  Chart 10 

Hot-Water  Heating 37 

House  Wiring 18,  19 

How  to  Run  an  Automobile 5 

Hydraulics 23 

Ice  and  Refrigeration 23 

Ignition  Skrstems 6 

Ignition-Trouble  Chart 7 

India  Rubber 35 

Interchangeable  Manufacturing 28 

Inventions 23 

Knots 24 

lAthe  Work 24 


PAOBS 

Link  Motions 26 

Liquid  Air 25 

Locomotive  Boilers 26 

Locomotive  Breakdowns 26 

Locomotive  Engineering 25,  26,  27,  28 

Machinist  Book 28,  29,  30 

Magazine,  Mechanical 40 

Manual  Training 30 

Marine  Engineering 31 

Marine  Gasoline  Engines 22 

Mechanical  Drawing 15, 16 

Mechanical  Magazine 40 

Mechanical  Movements 29 

Metal  Work 14, 16 

Motorcycles 6,  7 

Patents 23 

Pattern  Making 32 

Perfumery 32 

Perspective 15 

Plumbing 33,  34 

Producer  Gas 22 

Punches 14 

Questions  and  Answers  on  Automobile 4 

Questions  on  Heating 37 

Railroad  Accidents 27 

Railroad  Charts 10 

Recipe  Book 34 

Refrigeration 23 

Repairing  Automobiles 4 

Rope  Work 24 

Rubber 35 

Rubber  Stamps 35 

Saw  Filing 35 

Saws,  Management  of 35 

Sheet-Metal  Works 14,  15 

Shop  Construction 20 

Shop  Management 20 

Shop  Practice 20 

Shop  Tools 29 

Sketching  Paper 16 

Soldering 8 

Splices  and  Rope  Work 24 

Steam  Engineering 35,  36 

Steam  Heating 37 

Steel 37,  38 

Storage  Batteries 5 

Submarine  Chart 10 

Switchboards 17,  18 

Tapers 24 

Telegraphy,  Wireless 20 

Telephone 19 

Thread  Cutting 28 

Tool  Making 28 

Toy  Making 17 

Train  Rules 27 

Tractive  Power  Chart 10 

Tractor,  Gas 38 

Turbines 38 

Vacuum  Heating 37 

Valve  Setting : 26 

Ventilation 37 

Watch  Making 39 

Waterproofing 13 

Welding  with  Oxy-acetylene  Flame 39 

Wireless  Telegraphy 20 

Wiring 17.  IS 

Wiring  Diagrams 17 


HOW  TO  REMIT— By  Postal  Money  Order,  Express  Money  Order, 

Bank  Draft  or  Registered  Letter. 


CATALOGUE    OP    GOOD,    PRACTICAL    BOOKS 


AUTOMOBILES  AND  MOTOBCTCLES 

The  Modem  Gasoline  Automol)lIe— Its  Design,  Construction,  and  Opera- 
tion, 1918  Edition.    By  Victor  W.  Page,  M.SA.E. 

This  IB  the  most  complete,  practical  and  up-to-date  treatise  on  gasoline  automobiles  and  thcor 
component  parts  ever  published.  In  the  new  revised  and  enlarged  1018  edition,  all  phases  of 
automobile  construction,  operation  and  maintenance  are  fully  and  completely  described,  and 
in  language  anyone  can  unaerstand.  Every  part  of  alJ  types  of  automobiles,  from  light  cycle* 
cars  to  heavy  motor  trucks  and  tractors,  are  described  in  a  thorough  manner,  not  only 
ihe  automobile,,  but  every  item  of  it;  equipment,  accessories,  tools  needed,  supplies  and  qparv 
parts  necessary  for  its  upkeep,  are  fully  discussed. 

It  is  dearly  arid  concisely  written  by  an  expert  famiWtr  with  every  branch  of  the  automobile  induabrff 
and  the  originator  of  the  practical  system  of  self-educcUion  on  technical  subjects.  It  is  a  liberal  edu- 
cation in  the  automobile  art,  useful  to  all  who  wiotor  for  either  business  or  pleasure. 
Anyone  residing  the  incomparable  treatise  is  in  touch  with  all  improvements  that  have  been 
made  in  motor-car  construction.  All  latest  developments,  such  as  high  speed  aluminum  motorc 
and  multiple  valve  and  sleeve-valve  engines,  are  considered  in  detail.  The  latest  ignition, 
carburetor  and  lubrication  practice  is  outlined.  New  forms  of  change  speed  gears,  and  final 
power  transmission  systems,  and  all  latest  chassis  improvements  are  shown  and  described. 
■  This  book  is  used  in  all  leading  automobile  schools  and  is  conceded  to  be  the  Standabd 
Treatisb.  The  chapter  on  Starting  and  Lighting  Ssrstems  has  been  greatly  enlarged,  and 
many  automobile  engineering  features  that  have  long  puszled  laymen  are  explained  so  clearly 
that  the  underljdng  principles  can  be  understood  bv  anvone.  This  book  was  firat  published 
six  years  ago  and  so  much  new  matter  has  been  added  that  it  is  nearly  twice  its  original  sin. ' 
The  only  treatise  covering  various  forms  of  war  automobiles  and  recent  developments  in  mot(»^ 
truck  design  as  well  as  pleasure  cars.  This  book  is  n^f.  too  technical  for  the  layman  nor  too  elemawtatif 
for  the  more  expert.  It  is  an  incomparaJble  work  of  reference  for  home  or  school.  1,000  6x9  pftgm* 
nearly  1,000  illustrations,  12  folding  plates.    Cloth  bound.    Price $^M 

WHAT  IS  SAID  OF  THIS  BOOK: 

**It  is  the  best  book  on  the  Automobile  seen  up  to  date." — ^J.  H.  Pile,  Associate  Editor  Auto^ 

mobile  Trade  Jowmal. 

**  Every  Automobile  Owner  has  use  for  a  book  of  this  character." — The  Tradesman. 

**  This  book  is  superior  to  any  treatise  heretofore  published  on  the  subject." — The  Inventive  Age 

**  We  know  of  no  other  volume  that  is  so  complete  in  all  its  departments,  and  in  which  the  wide 

field  of  automobile  construction  with  its  mechanical  intricacies  is  so  plainly  handled,  both  in 

the  text  and  in  the  matter  of  illustrations." — The  Motomst. 

**The  book  is  very  thorough,  a  careful  examination  failing  to  disclose  any  point  in  connection 

with  the  automobile,  its  care  and  repair,  to  have  been  overlooked." — Iron  Age. 

**  Mr.  Pag6  has  done  a  gn:;at  work,  and  benefit  to  the  Automobile  field." — W.  C.  Hasford, 

Mgr.  Y.  M.  C.  A.  Automobile  School,  Boston,  Mass. 

**  It  is  just  the  kind  of  a  book  a  motorist  needs  if  he  wants  to  understand  his  car." — American 

Threahermmn. 


The  Model  T  Ford  Car,  Its  Construction,  Operation  and  Repair*    By  VicrroR 
W.  Pag£,  M.S.A.E. 

This  is  a  complete  instruction  book.  All  parts  of  the  Ford  Model  T  Car  are  described  and 
illustrated;  the  construction  is  fully  described  and  operating  principles  made  clear  to  everyone. 
Eveiy  Ford  owner  needs  this  practical  book.  You  don't  have  to  guess  about  the  construction 
or  where  the  trouble  is,  as  it  shows  how  to  take  all  parte  apart  and  how  to  locate  and  fix  all 
faults.  The  writer,  Mr.  Pag6,  has  operated  a  Ford  car  for  many  years  and  writes  from  actual 
knowlecyce.  Among  the  contents  are:  1.  The  Ford  Car:  Its  Farts  and  Their  Functions. 
2.  The  En^ne  and  Auxiliary  Groups.  How  the  Engine  Works — ^The  Fuel  Supply  System — 
The  Carburetor — Making  the  Ignition  Spark — Cooling  and  Lubrication.  3.  Details  of  Ch.issis. 
Change  Speed  Gear — ^Power  Transmission — Differential  Gear  Action — Steering  Gear — Front 
Axle — ^Fnsune  and  Springs — Brakes.  4.  How  to  Drive  and  Care  for  the  Ford.  The  Control 
&^tem  Explained— -Starting  the  Motor — Driving  the  Car — Locating  Roadside  Troubles — 
Tire  Repairs — Oiling  the  Chassis — ^Winter  Care  of  Car.  5.  Systematic  Location  of  Troubles 
and  Remedies.  Faults  in  Engine — Faults  in  Carburetor — Ignition  Troubles— Cooling  and 
Lubrication  System  Defects — Adjustment  of  Transmission  Gear — General  Chassis  Repairs. 
95  illustrations,  300  pages,  2  large  folding  plates.     Price fl.OO 


THE  NORMAN  W.  HENLEY  PUBLISHING  CO. 


Automobile  ReiNdrlng  Made  Easy.    By  Victor  W.  Pag£,  M.SA.E. 

A  comprehensive,  practical  exposition  of  every  phase  of  modern  automobile  repairing  prao 
tioe.  Outlines  every  process  incidental  to  motor  car  restoration.  Gives  plans  for  i»orkshop 
construction,  suggestions  for  equipment,  power  needed,  machinery  and  tools  necessary  to 
carry  on  busineas  successfully.  Telb  how  to  overhaul  and  repair  all  parts  of  all  auto- 
mobiles. Everything  is  explained  so  simpy  that  motorists  and  students  can  acquire  a  full 
working  knowledge  of  automobile  repairing.  This  work  starts  with  the  engine,  then  considen 
carburetion,  ignition,  cooling  and  lubrication  systems.  The  clutch,  change  speed  ^earinc 
and  transmission  system  are  considered  in  detail.  Contains  instructions  for  repairing  aU 
types  of  axles,  steering  geafs  and  other  chassis  parts.  Many  tables,  short  cuts  in  figuring 
and  rules  of  practice  are  given  for  the  mechanic.  Explains  fully  valve  and  magneto  tuning, 
"tuning"  engmes,  systematic  location  of  trouble,  repair  of  ball  and  roller  bearings,  shop  kinks, 
first  aid  to  injured  and  a  multitude  of  subjects  of  interest  to  all  in  the  garage  and  repair  busineae. 
This  book  contains  special  instructions  on  electric  starting^  lighting  and  ignition  systems,  tin 
repairing  and  rebuilding,  autogenous  welding,  brazing  and  solderina,  heat  treatment  of  steel,  lateH 
timing  practice,  eight  and  twelve-cylinder  motors,  etc.  59ix8.  Cloth.  1,056  pages,  1,000  illus- 
trations, 11  folding  plates.      Price 93*6i 


WHAT  IS  SAID  OP  THIS  BOOK: 

"'Automobile  Repairing  Made  Easy'  is  the  best  book  on  the  subject  I  have  ever  seen  and 
the  only  book  I  ever  saw  that  is  of  any  value  in  a  garage." — ^Fred  Jeffrey,  Martinsburg,  Neb. 
"I  wish  to  thank  you  for  sending  me  a  copy  of  'Automobile  Repairing  Made  Easy/  I  do 
not  think  it  could  be  excelled." — S.  W.  Giuiel,  Director  of  Instruction,  Y.  M.  C.  A.,  Phils- 
delphia,  Pa. 


4iue8tloiig  and  Answers  Relating:  to  Modem  AutomobUe  Constraetloii, 
Driving  and  Repair.    By  Victor  W.  Pao£,  M.S.A.E. 

A  practical  self-instructor  for  students,  mechanics  and  motorists,  consisting  of  thirtyns^ven 
lessons  in  the  form  of  questions  and  answers,  written  with  special  reference  to  the  require- 
ments of  the  non-technical  reader  desiring  easily  understood,  exi^anatory  matter  relating 
to  all  branches  of  automobiling.  The  subject-matter  is  absolutely  correct  and  explained  in 
simple  lanjuagQ-  If  you  can't  answer  all  of  the  following  questions,  you  need  this  work.  Tbe 
answers  to  these  and  over  2,000  more  are  to  be  found  in  its  pages.  Give  the  name  of  all  im- 
portant parts  of  an  automobile  and  describe  their  functions.  Describe  action  of  latest  types 
of  kerosene  carburetors.  What  is  the  difference  between  a  "double"  ignition  sjrstem  and  a 
"dual"  ignition  system?  Name  parts  of  an  induction  coil.  How  are  valves  timed?  What 
is  an  electric  motor  starter  and  how  does  it  work?  What  are  advantages  of  worm  drive  gear- 
ing? Name  all  important  types  of  ball  and  roller  bearings.  What  is  a  "three-quarter"  float- 
ing axle?  What  is  a  two-speed  axle?  What  is  the  Vulcan  electric  geaf  shift?  Name  the  causes 
of  lost  power  in  automobiles.  Describe  all  noises  due  to  deranged  mechanism  and  give  eausesi 
How  can  you  adjust  a  carburetor  by  the  color  of  the  exhaust  gases?  What  causes  "popping" 
in  the  carburetor?  What  tools  and  supplies  are  needed  to  equip^  a  car?  How  do  you  drive 
various  makes  of  cars?  What  is  a  differential  lock  and  where  is  it  used?  Name  different 
systems  of  wire  wheel  construction,  etc.,  etc.  A  popular  work  at  a  popular  price.  5Mx7H- 
Cloth.    650  pages,  350  illustrations,  3  folding  plates.     Price 01«M 


WHAT  IS  SAID  OP  THIS  BOOK: 

"M  you  own  a  car — get  this  book." — The  Cflassworker. 

"Mr.  Page  has  the  faculty  of  making  difficult  subjects  plain  and  understandable.*' — Bristol 

Press. 

"We  can  name  no  writer  better  qualified  to  prepare  a  book  of  instruction  on  automobilss 

than  Mr.  Victor  W.  Pag6." — Scientific  American. 

"The  best  automobile  catechism  that  has  appeared.'*-"— ^i/<omo6i^  Topics. 

"There  are  few  men,  even  with  long  experience,  who  will  not  find  this  book  useful.  Great 
pains  have  been  taken  to  make  it  accurate.  Special  recommendation  must  be  given  to  the 
illustrations,  which  have  been  made  specially  for  the  work.  Such  excellent  books  as  this 
greatly  assist  in  fiUly  understanding  your  automobile." — Engineering  News. 


CATALOGUE    OF    GOOD,    PRACTICAL    BOOKS  5 

Modern  Starting,  Lighting  and  Ignition  Systems.    By  Victor  W.  Paq±,  M.£. 

This  practical  volume  has  been  written  with  special  reference  to  the  requirements  of  the  non- 
technical reader  desiring  easily  understood,  explanatory  matter,  relating  to  all  types  of  auto- 
mobile ignition,  starting  and  lighting  systems.  It  can  be  undeistood  by  anyone,  even  without 
electrical  knowledge,  because  elementary  electrical  principles  are  considered  before  any  at- 
tempt is  made  to  discuss  features  of  the  various  systems.  These  basic  principles  are  clearly 
stated  and  illustrated  with  simple  diagrams.  All  the  leading  aysteme  of  starting,  lighting  and 
ignition  have  been  described  and  iUiutrcUed  with  the  co-operation  of  the  experts  employsd  by  the 
manufacturers.  Wiring  diagrams  are  shown  in  both  technical  and  non-technical  forms.  All 
symbols  are  fully  explained.  It  is  a  comprehensive  review  of  modern  starting  and  ignition 
Bsrstem  practice,  and  includes  a  complete  exposition  of  storage  battery  construction,  care  and 
repair.  All  tyi>es  of  starting  motors,  generators,  magnetos,  and  all  ignition  or  lighting  system- 
units  are  fully  explained.  Every  person  in  the  automobile  business  needs  this  volume,.  Among 
some  of  the  subjects  treated  are:  I. — ^Elementary  Electricity;  Current  Production;  Flow; 
Circuits;  Measurements;  Definitions;  Magnetism;  Batteiy  Action;  Generator  Action.  II. — Battery 
Ignition  Systems.  III. — Magneto  Ignition  Systems.  IV. — Elementary  Exposition  of  Starting 
System  Principles.  V. — ^Tymcal  Starting  and  Lighting  Systems;  Practical  Application;  Wiring 
Diagrams;  Auto-lite,  Bijur,  Delco,  Dyneto-Ents,  Gray  and  Davis,  Remy,  U.  S.  L.,  Westinghouse* 
Bosch-Rushmore,  Qenemotor,  North-East,  etc.  VI. — Locating  and  Repairing  Troubles  in  Star1>> 
ing  and  Lighting  Systems.  VII. — ^Auxiliary.  Electric  Systems;  Gear-shifting  by  Electricity; 
Warning  Signals;  Electric  Brake;  Ents-Transmission,  Wagner-Saxon  Circuits,  Wagner- 
Studebaker  Circuits.  5>iz7H-  Cloth.  630  pages,  297  illustrations,  3  folding  plates. 
Price $IM 

• 

Automobile  Welding  With  che  Oxy-Acetylene  Flame.    By  M.  Keith  Dunham. 

This  is  the  only  complete  book  on  the  "why"  and  "how"  of  Welding  with  the  Oxy-Acetylene 
Flame,  and  from  its  pages  one  can  gain  information  so  that  he  can  weld  anything  that  comes 
along. 

No  one  can  a£Ford  to  be  without  this  concise  book,  as  it  first  exi>lains  the  imparatus  to  be 
used,  and  then  covers  in  detail  the  actual  welding  of  all  automobile  parts.  The  welding  of 
aluminum,  cast  iron,  steel,  copper,  brass  and  malleable  iron  is  clearly  explained,  as  well 
as  the  proper  way  to  burn  the  carbon  out  of  the  combustion  head  of  the  motor.  Among  the 
contents  are:  Chapter  I. — ^Apparatus  Knowledge.  Chapter  II. — Shop  Equipment  and 
Initial  Procedure.  Chapter  ni.— Cast  Iron.  Chapter  IV. — ^Aluminum.  Chapter  V.— • 
Steel.  Chapter  VI. — MeJIeable  Iron,  Copper,  Brass,  Bronse.  Chapter  VII. — Carbon  Burn- 
ing and  other  Uses  of  Oxygen  and  Acetylene.  Chapter  VIII. — ^How  to  Figure  Cost  of  Weld- 
ing.   167  pages,  fully  illustrated.    Price $1.09 

Storage  Batteried  Simplified.    By  Victor  W.  Pag6,  M.S.A.E. 

A  comprehensive  treatise  devoted  entirely  to  secondary  batteries  and  their  maintenance* 
repair  and  use. 

This  is  the  most  up-to-date  book  on  this  subject.  Describes  fully  the  Exide,  Edison,  Gould, 
Willard,  U.  S.  L.  and  other  storage  battery  forms  in  the  types  best  suited  for  automobile, 
stationary  and  marine  work.  Nothing  of  importance  has  been  omitted  that  the  reader  should 
know  about  the  practical  operation  and  care  of  storage  batteries.  No  details  have  been 
slighted.  The  instructions  for  charging  and  care  have  been  made  as  simple  as  possible.  Brief 
Synopsis  of  Chapters:  Chapter  I. — Storage  Battery  Development;  Types  of  Storage  Bat- 
teries; Lead  Plate  Types;  The  Edison  ObH.  Chapter  II. — Storage  Battery  Construction: 
Plates  and  Girds;  Plants  Plates;  Faur6  Plates;  Non-Lead  Plates;  Commercial  Battery 
Designs.  Chapter  III. — Charging  Methods;  Rectifiers;  Converters;  Rheostats;  Rules 
for  Charging.  Chapter  IV. — Battery  Repairs  and  Maintenance.  Chapter  V. — Industrial 
Application  of  Storage  Batteries;  Glossary  of  Storage  Battery  Terms.  208  Pages.  Very 
Fully  Illustrated.     Price $1.50  net 


How  to  Run  an  AutomobUe.    By  Victor  W.  Pag6,  M.S.A.E. 

This  treatise  gives  concise  instructions  for  starting  and  running  all  makes  of  gcasoUne  auto- 
mobiles, how  to  care  for  them,  and  gives  distinctive  features  of  control.  Describes  every 
step  for  shifting  gears,  controlling  engines,  etc.  Among  the  chapters  contained  are:  I.-— 
Automobile  Parts  and  Their  Functions.  II. — General  Starting  and  Driving  Instructions. 
III. — ^Typical  1917  Control  Systems.  IV. — Care  of  Automobiles.  178  pages.  72  specially 
illustrations.     Price |I1*00 
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*rhe  AutomoblUst's  Pocket  Companion  and  Expense  Record*    Arranged  by 
Victor  W.  Faq±,  M.S.A.E. 

This  book  is  not  only  valuable  as  a  convenient  cost  record  but  contains  much  information  of  value 
to  motorists.  Includes  a  condensed  digest  of  auto  laws  of  all  States,  a  lubrication  schedule, 
hints  for  care  of  storage  battery  and  care  of  tires,  location  of  road  troubles,  anti-freesing 
solutions,  horse-power  table,  driving  hints  and  many  useful  tables  and  recipes  of  interest  to 
all  motorists.  Not  a  technical  book  in  any  sense  oi  the  word,  just  a 'collection  of  practical 
facts  in  simple  language  for  the  everyday  motorist.    Price $l*6i 


Motorcycles,  Side  Cars  and  Cycleears;  their  Construction,  Management 
and  Repair.    By  Victor  W.  Pag6,  M.S:A.E. 

The  only  complete  work  published  for  the  motorcyclist  and  cyclecarist.  Describes  fully  all 
leading  types  of  machines,  their  design,  construction,  maintenance,  operation  and  reptair. 
This  treatise  outlines  fully  the  operation  of  two-  and  four-cycle  power  plants  and  all  ignition, 
carburetion  and  lubrication  systems  in  detail.  Describes  all  representative  types  of  free 
engine  clutches,  variable  speed  gears  and  power  transmission  systems.  Gives  comi>lete  in- 
structions for  operating  and  repairing  all  types.  Considers  fully  electric  self-starting  and 
lighting  systems,  all  tynes  of  spring  frames  and  spring  forks  and  shows  leading  control  methods. 
For  those  desiring  tecnnical  mformation  a  complete  series  of  tables  and  many  formulse  to 
assist  in  designing  are  included.  The  work  tells  now  to  figure  power  needed  to  climb  grades, 
overcome  air  resistance  and  attain  high  speeds.  It  shows  how  to  select  gear  ratios  for  various 
weights  and  powers,  how  to  figure  braking  efiBciency  required,  gives  sizes  of  belts  and  chains 
to  transmit  power  safely,  and  shows  how  to  design  sprockets,  oelt  pulleys,  etc.  This  work 
also  includes  complete  formulse  for  figuring  horse-power,  shows  how  djoiamometer  tests  are 
made,  defines  relative  efficiency  of  air  and  water-cooled  eni^nes,  plain  and  anti-fiiction  bear- 
ings and  many  other  data  of  a  practical,  helpful,  engineering  nature.  Remember  that  you 
get  this  information  in  addition  to  the  practical  description  and  instructions  which  alone  are 
worth  several  times  the  price  of  the  book.  550  pages.  350  specially  made  illustrations,  5 
folding  plates.    Cloth.    Price $1M 


AUTOMOBILE  AND  MOTORCYCLE  CHARTS 

Chart.    Location  of  Gasoline  Engine  Troubles  Made  Easy— A  Chart  Show- 
ing Sectional  Ylew  of  Gasoline  Engine.   Compiled  by  VicroB  W.  PagA, 

M.S.A.E. 

It  shows  clearly  all  parts  of  a  typical  four-cylinder  gasoline  engine  of  the  four-cycle  tsnp^ 

It  outlines  distmctly  all  parts  liable  to  give  trouble  and  also  details  the  derangements  api 

to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen,  automobile  salesmen, 

chauffeurs,   motorboat   owners,   motor-truck  and   tractor  drivers,   aviators,   motor-cyclists, 

and  all  others  who  have  to  do  with  gasoline  power  plants. 

It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the  novice, 

it  can  be  used  to  advantage  by  the  more  expert.    It  should  be  on  the  walls  of  everv  public 

and  private  garage,  automobile  repair  shop,  club  house  or  school.      It  can  be  carried  in  the 

automobile  or  pocket  with  ease,  and  will  insure  against  loss  of  time  when  engine  trouble 

manifests  itself.^ 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.    It  is  prepared  Inr  a 

practical  motorist  for  all  who  motor.     More  information  for  the  money  than  ever  before 

offered.    No  details  omitted.    Size  25x38  inches.    Seciirely  mailed  on  receipt  of       ^  CentS 


Chart.    Location  of  Carbureton  Troubles  Made  Easy.    Compiled  by  Victob 
W.  Pag£,  M.S.A.E. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supply  system  and  gives  causes  of 
trouble,  how  to  locate  defects  and  means  of  remedying  them.  Size  24x38  inches. 
Price Z&  (^ntS 
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Chart.    Location  of  Ford  Engine  troubles  Made  Easy*    Compiled  by  Victor 
W.  Pag£,  M.S.A.E. 

This  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and  auxiliary 
groups.  It  outlines  clearly  all  parts  of  the  engine,  fuel  supply  system,  ignition  group  and 
cooling  system,  that  are  apt  to  give  trouble,  detailing  all  derangements  that  are  liable  to 
make  an  engine  lose  power,, start  hard  or  work  irregularly.  This  chart  is  valuable  to  students, 
owners,  and  drivers,  as  it  simplifies  location  of  all  engine  faults.  ■  Of  great  advantage  as  an 
instructor  for  the  novice,  it  can  be  used  equally  well  by  the  more  expert  as  a  work  of  reference 
and  review.  It  can  be  carried  in  the  tool-box  or  pocket  with  ease  and  will  save  its  cost  in 
labor  eliminated  the  first  time  engine  trouble  mamfests  itself.  Prepared  with  special  refer- 
ence to  the  average  man's  needs  and  is  a  practical  review  of  all  motor  troubles  because  it  is  based 
on  the  actual  experience  of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart 
describes.  It  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine 
derangements  by  ssrstematic  search,  guided  by  easily  recognized  symptoms  instead  of  by 
^esswork.  It  makes  the  average  owner  independent  of  the  roadside  repair  shop  When  tour- 
m^.     Must  be  seen  to  be  appreciated.     Size  25x38  inches.     Printed  on  heavy  bond  paper. 

P»oe 25  cents 

Chart*    Lubrication  of  the  Motor  Car  Chassis.    Compiled  by  Victor  W. 
Pag^,  M.S.A.E. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design  and  all 

f>arts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  they  must  be 
ubricated  and  the  kind  of  oil  to  use.    A  practical  chart  for  all  interested  in  motor-car  main- 
tenance.    Size  24x38  inches.     Price ^  CCntS 

Chart.    Location  of  Ignition  System  Troubles  Made  Easy.    Compiled  by 
Victor  W.  Pag6,  M.S.A.E. 

In  this  diagram  all  parts  of  a  typical  double  ignition  system  using  battery  and  magneto  current 
are  shown,  and  suggestions  are  given  for  readily  finding  ignition  troubles  and  eliminating 
them  when  found.     Size  24x38  inches.     Price 25  CCUtS 

Chart.    Location  of  Cooling  and  Lubrication  System  Faults.    Compiled  by 
Victor  W.  Pag6,  M.S.A.E. 

This  composite  diagram  shows  a  typical  automobile  power  plant  using  pump  circulated 
water-cooling  system  and  the  most  popular  lubrication  method.  Gives  suggestions  for  cur- 
ing all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling  or  cooling  group. 
Size  24x38  inches.     Price         %$  CeutS 

Chart.     Motorcycle  Troubles  Made  Easy.     Compiled  by  Victor  W.  Pag£, 
M.S.A.E. 

A  chart  showing  sectional  view  of  a  single-cylinder  gasoline  engine.  This  chart  simplifiee 
*  location  of  all  power-plant  troubles.  A  single-cylinder  motor  is  shown  for  simplicity.  It 
outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the  derangements  apt  to 
interfere  with  smooth  en^pine  operation.  This  chart  wiU  prove  of  value  to  all  who  have  to  do 
with  the  operation,  repair  or  sale  of  motorcycles.    No  details  omitted.    Size  30x20  inches. 

Price    Tt&  cents 

AVIATION 


Aviation  Engines,  their  Design,  Construction,  Operation  and  Repair.    By 

Lieut.  Victor  W.  Pag6,  Aviation  Section,  S.C.U.S.R. 

A  practical  work  containing  valuable  instructions  for  aviation  students,  mechanicians, 
squadron  engineering  officers  and  all  interested  in  the  construction  and  upkeep  of  airplane 
power  plants. 

The  rapidly  increasing  interest  in  the  study  of  aviation,  and  especially  of  the  highly  developed 
internal  combustion  engines  that  make  mechanical  flight  possible,  has  created  a  demand  for  a 
text-book  suitable  for  schools  and  home  study  that  will  clearly  and  concisely  explain  the 
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workings  of  the  various  aircraft  en^es  of  foreign  and  domestic  manufacture. 
This  treatise,  written  by  a  recognised  authority  on  ail  of  the  practical  aspects  of  internal 
combustion  engine  construction,  maintenance  and  repair  fills  the  need  as  no  other  book  does. 
The  matter  is  logically  arranged;  all  descriptive  matter  is  8imi>ly  expressed  and  copiously 
illustrated  so  that  anyone  can  understand  airplane  engine  operation  and  repair  even  if  with- 
out previous  mechanical  training.  This  work  is  invaluable  for  anyone  desiring  to  become  an 
aviator  or  aviation  mechanician. 

The  latest  rotary  tvpes,  such  as  the  Gnome,  Monosoupape,  and  Le  Rhone,  are  fully  explained, 
as  well  as  the  recently  developed  Vee  and  radial  types.  The  subjects  of  carburetion,  ignition, 
cooling  and  lubrication  also  are  covered  in  a  thorough  manner.  The  chapters  on  repair  and 
maintenance  are  distinctive  and  found  in  no  other  book  on  this  subject. 
Invaluable  to  the  student,  mechanic  and  soldier  wishing  to  enter  the  aviation  service. 
Not  a  technical  book,  but  a  practical,  easily  underBtood  work  of  reference  for  all  interested 
in  aeronautical  science.   576  octavo  pages.   253  specially  made  engravings.   Price  .  ^.00  I16t 

GLOSSARY  OF  AVIATION  TERMS 


Termes  D*A¥l»tlon,  EiusUsh-French,  French-English.  Compiled  by  Lieuts. 
Victor  W.  Pag£.  A.S.,  S.C.U.S.R.,  and  Paul  Montabiol  of  the  French 
Flying  Corps,  on  duty  on  Signal  Corps  Aviation  School,  Mineola,  L.  I. 

A  complete,  well  illustrated  volume  intended  to  facilitate  conversation  between  Elnglish- 

speaking  and  French  aviators.    A  very  valuable  book  for  all  who  are  about  ty  leave  for  duty 

overseas. 

Approved   for   publication  by  Major  W.  G.  Kilner,  S.C.,  U.S.C.O.   Signal   Corps   Aviation 

School.   Hazlehurat Field,  Mineola,  L.  I. 

This  book  should  be  in  evei-y  Aviator's  and  Mechanic's  Kit  for  ready  reference.     128  pages. 

Fully  illustrated  with  detailed  engravings.    Price ^1«M 

4viatlon  Chart.    Location  of  Atarplane  Power  Plant  Troubles  Made  Easy. 

By  Lieut.  Victor  W.  PagiS,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  points  where 
trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects.  Intended  espe- 
cially for  Aviators  and  Aviation  Mechamcs  on  School  and  Field  Duty.    Price  .    .    50  OeOtS 

BBAZING  AND  SOLDERING 

^^■^^^^^^^^^—^^^^^^^^^^^■^^^^  — —  I  ■  I  ^^^— ■  I    ■■  I  ^ 

Brazing  and  Soldering.    By  James  F.  Hobart. 

The  only  book  that  shows  you  just  how  to  handle  any  Job  of  bracing  or  soldering  that  comes 
along;  it  tells  you  what  mixture  to  use,  how  to  make  a  furnace  if  you  need  one.  Full  of  vsJu- 
able  kinks.  The  fifth  edition  of  this  book  has  just  been  published,  and  to  it  much  new  mat- 
ter and  a  large  number  of  tested  formulse  for  all  kinds  of  solders  and  fluxes  have  been  added. 
Illustrated.     Price  ^  C6AtS 

CHARTS 


ATlatlon  Chart.    Location  of  Airplane  Power  Plant  Troubles  Made  Easy. 

By  Lieut.  Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  points  where 
trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects.  Intended  especially 
for  Aviators  and  Aviation  Mechanics  on  School  and  Field  Duty.    Price    ....   50  CCOtS 

Lubrication  of  the  Motor  Car  Chassis. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design  and 
all  i)arts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  they  must  be 
lubricated  and  the  kind  of  oil  to  use.  A  practical  chart  for  all  interested  in  motor-car  main- 
tenance.    Size  24x38  inches.     Price       '    •    25  CeBtS 
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Gasoline  Engine  Troubles  Made  Easy— A  Chart  Showing  Sectional  View  of 
Gasoline  Engine.    Compiled  by  Lieut.  Victor  W.  Pag£,  A.S.,  S.C.U.8.R. 

It  shows  clearly  all  parts  of  a  typical  four-cylinder  gasoline  engine  of  the  four-cycle  type. 
It  outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the  derangements  apt 
to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  gaiagemen,  automobile  salesmm, 
chauffeurs,  motor-boat  owners,  motor-truck  and  tractor  drivers,  aviators,  motor-cyclistSt 
and  all  others  who  have  to  do  with  gasoline  power  plants. 

It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the  novice* 
it  can  be  used  to  advantage  by  the  more  expert.  It  should  be  on  the  walls  of  every  public 
and  private  garage,  automobile  repair  shop,  club  house  or  school.  It  can  be  carried  m  the 
automobile  or  pocket  with  ease  ana  will  insure  against  loss  of  time  when  engine  trouble  mani- 
fests itself. 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.  It  is  prepared  by  a 
practical  motorist  for  all  who  motor.  No  details  omitted.  Sise  25x38  inches.  Price    ^  COntS 


Location  of  Carburetlon  Troubles  Made  Easy. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supoly  system  and  gives  causes  oi 
trouble,  how  to  locate  defects  and  means  of  remedying  them.    Sise  24x38  inches. 

P*i<» 25  cents 


Location  of  Ignition  System  Troubles  Made  Easy. 

In  this  chart  all  parts  of  a  typical  double  ignition  system  uain^  battery  and  magneto  current 
are  shown  and  suggestions  are  given  for  readily  finding  ignition  troubles  and  eliminating 
them  when  found.    Sise  24x38  inches.    Price      ^  GCntS 

Location  of  Cooling  and  Lubrication  System  Faults. 

This  composite  chart  shows  a  tsrpical  automobile  power  plant  using  pumi>  circulated  water* 
cooling  system  and  the  most  popular  lubrication  method.  Gives  suggestions  for  curing  all 
overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling  or  cooling  group.  Sise 
24x38  inches.    Price      25  CCUtS 


Motorcycle  Troubles  Made  Easy— A  Chart  Showing  Sectional  View  of  Single- 
Cylinder  Gasoline  Engine*    Compiled  by  Vicroi.  W.  Paq^,  M .S.A.E. 

This  chart  simplifies  location  of  all  power-plant  troubles,  and  will  prove  invaluable  to  all 
who  have  to  do  with  the  operation,  repair  or  sale  of  motorcycles.  No  details  omitted.  Sise 
25x38  inches.     Price      25  CentS 


Location  of  Ford  Engine  Troubles  Made  Easy*     Compiled  by  Victor  W. 
Pag£,  M.S.A.E. 

This  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and  auxiliary 
groups.  It  outlines  clearly  all  parts  of  the  engine,  fuel  supply  system,  ignition  group  and 
cooling  system,  that  are  apt  to  give  trouble,'  detailing  all  derangements  that  are  liable  to 
make  an  engine  lose  power,  start  hard  or  work  irregularly.  This  chart  is  valuable  to  students* 
owners,  and  drivers,  as  it  simplifies  location  of  all  engine  faults.  Of  great  advantage  as  an 
instructor  for  the  novice,  it  can  be  used  equally  well  by  the  more  expert  as  a  work  of  reference 
and  review.  It  can  be  carried  in  the  toolbox  or  pocket  with  ease  and  will  save  its  cost  in 
labor  eliminated  the  first  time  engine  trouble  manifests  itself.  Prepared  with  special  refer- 
ence to  the  average  man's  needs  and  is  a  practical  review  of  all  motoi  troubles  because  it  is 
based  on  the  actual  experience  of  an  automobile  engineer-mechanic  with  the  mechanism  the 
chart  describes.    It  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  en- 

glne  derangements  by  systematic  search,  guided  by  easily  recognised  svmptoins  instead  of 
y  guesswork.     It  makes  the  average  owner  independent  of  the  roadside  repair  8h<n>  when 
touring.    Must  be  seen  to  be  appreciated.    Sise  25x38  inches.    Printed  on  heavy  bond  paper. 

ftice 35  cents 
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Modem  Submarine  Chart— with  Two  Hundred  Parts  Numbered  and  Named. 

A  cross-section  view,  showing  clearly  and  distinctly  all  the  interior  of  a  Submarine  of  the 
latest  type.  You  get  more  information  from  this  chart,  about  the  construction  and  opera- 
tion of  a  Submarine,  than  in  any  other  way.  No  details  omitted — everything  is  accurate 
and  to  scale.  It  is  absolutely  correct  in  every  detail,  having  been  approved  by  Naval  En- 
gineers. All  the  machinery  and  devices  fitted  in  a  modem  Submarine  Boat  are  shown,  and 
to  make  the  engraving  more  readily  understood  all  the  features  are  shown  in  operative  form, 
with  Officers  and  Men  in  the  act  of  performing  the  duties  assigned  to  them  in  service  con- 
ditions. This  CHART  IS  REALLY  AN  ENCYCLOPEDIA  OF  A  SUBMARINE.  It 
is  educational  and  worth  many  times  its  cost.    Mailed  in  a  Tube  for      ^  CentS 


Box  Gar  Chart. 

A  chart  showing  the  anatomy  of  a  box  car,  having  every  part  of  the  car  numbered  and  ifa 
proper  name  given  in  a  reference  lidt.    Price ^^  CeiltS 


Gondola  Car  Chart. 

A  chart  showing  the  anatomy  of  a  gondola  car,  having  every  part  of  the  car  numbered  and 
its  proper  reference  name  given  in  a  reference  list.    Price ^^  COUtS 


l^assenger-Car  Chart. 

A  chart  showing  the  anatomy  of  a  passenger-car,  having  every  part  of  the  car  numbered 
and  its  proper  name  given  in  a  reference  list 2&  OeutS 


Steel  Hopper  Bottom  Coal  Car. 

A  chart  showing  the  anatomy  of  a  steel  Hopper  Bottom  Coal  Car,  having  every  part  of  the 
car  numbered  and  its  proper  name  given  in  a  reference  list.    Price ]^  CeutS 


Tractiye  Power  Chart. 

A  chart  whereby  you  can  find  the  tractive  power  or  drawbar  pull  of  any  locomotive  without 
making  a  figure.  Shows  what  csrlinders  are  equal,  how  driving  wheels  and  steam  pressure 
affect  the  power.  What  sised  engine  you  need  to  exert  a  given  drawbar  pull  or  anything  you 
desire  in  this  line.     Price      ^  CeutS 


Horse-Power  Chart. 

Shows  the  horse-power  of  any  stationary  engine  without  calculation.  No  matter  what  the 
cylinder  diameter  of  stroke,  the  steam  pressure  of  cut-off,  the  revolutions,  or  whether  con- 
densing or  non-condensing,  it's  all  there.  Easy  to  use,  accurate,  and  saves  time  and  calcu- 
lations.   Especially  useful  to  engineers  and  designers.    Price 50  CentS 


Boiler  Boom  Chart.    By  Geo.  L.  Fowler. 

A  chart — size  14x28  inches — showing  in  isometric  perspective  the  mechanisms  belonging  in 
a  modern  boiler  room.  The  various  parts  are  shown  broken  or  removed,  so  that  the  internal 
construction  is  fully  illustrated.  Each  part  is  given  a  reference  number,  and  these,  with  the 
corresponding  name,  are  given  in  a  glossary  printed  at  the  sides.  This  chart  is  really  a  di<v 
tionary  of  the  boiler  room — ^the  names  of  more  than  200  parts  being  given.    Price    .  ^  CentS 
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COKE 

Modern  Coking  Practice,  Including  Analysis  of  Materials  and  Products. 

By  J.  E.  Christopher  and  T.  H.  Byrom. 

This,  the  standard  work  on  the  subject,  has  just  been  revised.  It  is  a  practical  work  for  those 
engaged  in  Coke  manufacture  and  the  reco'very  of  By-products.  Fully  illustrated  with  fold- 
ing plates.  It  has  been  the  aim  of  the  authors,  in  preparing  this  book,  to  produce  one  wnich 
shall  be  of  use  and  benefit  to  those  who  are  associated  with,  or  interested  in,  the  modem 
developments  of  the  industry.  Among  the  Chaptiers  contained  in  Volume  I  are:  Introduc- 
tion; Classification  of  Fuels;  Impurities  of  Coals; .  Coal  Washing;  Sampling  and  Valuation 
of  Coals,  etc.;  Power  of  Fuels;  History  of  Coke  Manufacture;  Developments  in  the  Coke 
Oven  Design;  Recent  Types  of  Coke  Ovens;  Mechanical  Appliances  at  Coke  Ovens;  Chem- 
ical and  Physical  Examination  of  Coke.  Volume  II  covers  fully  the  subject  of  By-Products. 
Price,  per  volimie       $3.00  UCt 

COMPRESSED  AIB 

Compressed  Air  in  All  Its  Applications.    By  Gardner  D.  Hiscox. 

This  is  the  most  complete  book  on  the  subject  of  Air  that  has  ever  been  issued,  and  its  thirty- 
five  chapters  include  about  every  phase  of  the  subject  one  can  think  of.  It  may  be  called 
an  encyclopedia  of  compressed  air.  It  is  written  by  an  expert,  who,  in  its  665  pages,  has 
dealt  with  the  subject  in  a  comprehensive  manner^  no  phase  of  it  being  omitted.  Includes 
the  physical  properties  of  air  from  a  vacuum  to  its  highest  pressure^  its  thermodynamics, 
compression,  transmission  and  uses  as  a  motive  power,  in  the  Operation  of  Stationary  and 
Portable  Machinery,  in  Mining,  Air  Tools,  Air  Lifts,  Pumping  of  Water,  •  Acids,  and  Oils; 
the  Air  Blast  for  Cleaning  and  Painting  the  Sand  Blast  and  its  Work,  and  the  Numerous 
Appliances  in  which  Compressed  Air  is  a  Most  Convenient  and  Economical  Transmitter  of 
Power  for  Mechanical  Work,  Railway  Propulsion,  Refrigeration,  and  the  Various  Uses  to  which 
Compressed  Air  has  been  applied.  Includes  fortjr-four  tables  of  the  physical  properties  of 
air,  its  compression,  expansion,  and  volumes  required  for  various  kinds  of  work,  and  a  list 
of  patents  on  compressed  air  from  1875  to  date.  Over  500  illustrations,  5th  Edition,  re- 
vised and  enlarged. 

Cloth  bound.    Price $5.00 

Half  Morocco.    Price ^6.50 

CONCRETE 


Concrete  Workers'  Reference  Books.    A  Series  of  Popular  Handbooks  for 
Concrete  Users.    Prepared  by  A.  A.  Houghton. 

The  avihor,  in  rrreparing  this  Series,  has  not  only  treated  on  the  usual  types  of  construction,  but 
explains  and  illu^rates  molds  and  sy^ems  that  are  not  patented,  but  which  are  equal  in  value 
arid  often  superior  to  those  restricted  by  patents.  These  molds  are  very  easily  and  cheaply  cotir 
structed  and  embody  simplicity,  rapidity  of  operation,  and  the  most  successful  results  in  the  molded 
concrete.  Each  of  these  books  is  fully  UlustrcUed^  and  the  subjects  are  exhaustively  treated  in  plair^ 
English. 

Concrete  Wall  Forms.    By  A.  A.  Houghton. 

A  new  automatic  wall  clamp  is  illustrated  with  working  drawings.  Other  types  of  wall  forms^ 
clamps,  separators,  etc.,  are  also  illustrated  and  explained.  .  (No.  1  of  Series)  Price  50  CCntS 

Concrete  Floors  and  Sidewalks.    By  A.  A.  Houghton. 

The  molds  for  molding  squares,  hexagonal  and  many  other  styles  of  mosaic  floor  and  side- 
walk blocks  are  fully  illustrated  and  explained.    (No.  2  of  Series)  Price 50  CCntS 

Practical  Concrete  Silo  Construction.    By  A.  A.  Houghton. 

Comi)lete  working  drawings  and  specifications  are  given  for  several  styles  of  concrete  silos* 
with  illustrations  of  molds  for  monolithic  and  block  silos.  The  tables,  data,  and  information 
presented  in  this  book  are  of  the  utmost  value  in  planning  and  constructing  all  forms  of  con- 
crete silos.     (No.  3  of  Series)  Price       50  CCntfl^ 
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Molding  Concrete  ChimneFS,  Slate  and  Roof  Tiles.    By  A.  A.  Houghton. 

The  manufacture  of  all  types  of  concrete  slate  and  roof  tile  is  fully  treated.  Valuable  data 
on  all  forms  of  reinforced  concrete  roofs 'are  contained  within  its  pages.  The  construction 
of  concrete  chimneys  by  block  and  monolithic  systems  is  fully  illustrated  and  described.  A 
number  of  ornamental  designs  of  chimney  construction  with  molds  are  shown  in  this  valuable 
treatise.     (No.  4  of  Series.)     Price 5Q  CentS 

Holding  and  Curing  Omamental  Concrete.    By  A.  A.  Houghton. 

The  proper  proportions  of  cement  and  aggregates  for  various  finishes,  also  the  method  of 
thoroughly  mixing  and  placing  in  the  molds,  are  fully  treated.  An  exhaustive  treatise  on 
this  subject  that  every  concrete  worker  will  find  of  daily  use  and  value.     (No.  5  of  Series.) 

Price 50  cents 

Concrete  Monuments,  Mausoleums  and  Burial  Vaults.    By  A.  A.  Houghton. 

The  molding  of  concrete  monuments  to  imitate  the  most  expensive  cut  stone  is  explained 
in  this  treatise,  with  working  drawings  of  easily  built  molds.  Cutting  inscriptions  and  de- 
signs are  also  fully  treated.     (No.  6  of  Series.)     Price 50  cCUtS 

Molding  Concrete  Bathtubs,   Aquariums  and  Natatoriums.    By  A.   A. 

Houghton. 

Simple  molds  and  instruction  are  given  for  molding  many  styles  of  concrete  bathtubs,  swim- 
ming-pools, etc.  These  molds  are  easily  built  and  permit  rapid  and  successful  work.  (No.  7 
of  Series.)     Price 50  ceutS 

Concrete  Bridges,  Culverts  and  Sewers.    By  A.  A.  Houghton. 

A  number  of  omamental  concrete  bridges  with  illustrations  of  molds  are  given.  A  ooUapoible 
center  or  core  for  bridges,  culverts  and  sewers  is  fully  illustrated  with  detailed  instructions 
for  building.     (No.  8  of  Series.)     Price 50  CCntS 

Constructing  Concrete  Porches.    By  A.  A.  Houghton. 

A  number  of  designs  with  working  drawings  of  molds  are  full;yr  explained  so  any  one  can  easily 
construct  different  styles  of  ornamental  concrete  porches  without  the  purchase  of  expensive 
molds.     (No.  9  of  Series.)     Price 50  CentS 

Molding  Concrete  Flower-Pots,  Boxes,  Jardinieres,  Etc.    By  A.  A.  Houghton. 

The  molds  for  producing  many  original  designs  of  flower-pots,  urns,  flower-boxes,  jardinieres, 
etc.,  are  fully  illustrated  and  explained,  so  the  worker  can  easily  construct  and  operate  same. 
(No.  10  of  Series.)    Price 50  CentS 

Molding  Concrete  Fountains  and  Lawn  Ornaments.    By  A.  A.  Houghton. 

The  molding  of  a  number  of  designs  of  lawn  seats,  curbing,  hitching  posts,  pergolas,  sun  dials 
and  other  forms  of  ornamental  concrete  for  the  ornamentation  of  lawns  and  gardens,  is  fully 
illustrated  and  described.     (No.  11  of  Series.)     Price 50  CCntS 

Concrete  from  Sand  Molds.    By  A.  A.  Houghton. 

A  Practical  Work  treating  on  a  process  which  has  heretofore  been  held  as  a  trade  secret  by 
the  few  who  possessed  it,  and  which  will  successfully  mold  every  and  any  class  of  ornamental 
concrete  work.  The  process  of  molding  concrete  with  sand  molds  is  of  the  utmost  practical 
value,  possessing  the  manifold  advantages  of  a  low  cost  of  molds,  the  ease  and  rapidity  of 
operation,  perfect  details  to  all  ornamental  designs,  density  and  increased  strength  of  the 
concrete,  perfect  curing  of  the  work  without  attention  and  the  easy  removal  of  the  molds 
regardless  of  any  undercutting  the  design  may  have.  192  pages-  Fully  illustrated 
Price $2.00 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS    13 


Omamental  Concrete  without  Molds.    By  A.  A.  Houghton. 

The  process  for  makinf^  ornamental  concrete  without  molds  has  long  been  held  as  a  secret, 
and  now,  for  the  first  time,  this  process  is  given  to  the  public.  The  book  reveals  the  secret 
and  is  the  only  book  published  which  explains  a  simple,  practical  method  whereby  the  con- 
crete worker  is  enabled,  by  emi>loying  wood  and  metal  templates  of  different  designs,  to  mold 
or  model  in  concrete  any  Cornice,  Arohivolt,  Column,  Pedestal,  Base  Cap,  Urn  or  Pier  in  a 
monolithic  form — right  upon  the  job.  These  may  be  molded  in  units  or  blocks  and  then  built 
up  to  suit  the  specifications  demanded.  This  work  is  fully  illustrated,  with  detailed  engrav- 
ings.   Price       0M 


Concrete  for  the  Farm  and  In  the  Shop.    By  H.  Colin  Campbell,  C.E.,  E.M. 

''Concrete  for  the  Farm  and  in  the  Shop"  is  a  new  book  from  cover  to  cover,  illustrating  and 
describing  in  plain,  simple  language  many  of  the  numerous  applications  of  concrete  within 
the  range  of  tne  home  worker.  Among  the  subjects  treated  are:  Principles  of  Reinforcing; 
Methods  of  Protecting  Concrete  so  as  to  Insure  Proper  Hardening;  Home-made  Mixers; 
Mixing  by  Hand  and  Machine;  Form  Construction,  Described  and  Illustrated  by  Draw- 
ings and  Photographs;  Construction  of  Concrete  Walls  and  Fences;  Concrete  Fence  Posts; 
Concrete  Gate  Posts;  Corner  Poets;  Clothes  line  Poets;  Grape  Arbor  Poets;  Tanks; 
Troughs;  Cisterns;  Hog  Wallows;  Feeding  Floors  and  Barnyard  Pavements;  Foundations: 
Well  Curbs  and  Platforms;  Indoor  Floors;  Sidewalks;  Stejps;  Concrete  Hotbeds  and  Cold 
Frames;  Concrete  Slab  Roofs;  Walls  for  Buildings;  Repairing  Leaks  in  Tanks  and  Cisterns; 
and  all  topics  associated  with  these  subjects  as  bearing  upon  securing  the  best  results  from 
concrete  are  dwelt  upon  at  sufficient  len^h  in  plain  every-day  Englisn  so  that  the  inexperi- 
enced person  desiring  to  imdertake  a  piece  of  concrete  construction  can,  *by  following  the 
directions  set  forth  in  this  book,  secure  100  per  cent,  success  every  time.  A  number  of  con< 
venient  and  practical  .tables  for  estimating  quantities,  and  some  practical  examples,  are  alsq 
given.    (5x7.)    149  pages.    51  illustrations.    Price 75  CentS 


Popular  Handbook  for  Cement  and  Concrete  Users.    By  Myron  H.  Lewis. 

This  is  a  concise  treatise  of  the  principles  and  methods  employed  in  the  manufacture  and  use 
of  cement  in  all  classes  of  modern  works.  The  author  has  brought  together  in  this  work  all 
the  salient  matter  of  interest  to  the  user  of  concrete  and  its  many  diversified  products.  The 
matter  is  presented  in  logical  and  systematic  order,  clearly  written,  fully  illustrated  and  free 
from  involved  mathematics.  Everything  of  value  to  the  concrete  user  is  given,  including 
kinds  of  cement  employed  in  construction,  concrete  architectiire,  inspection  and  testing, 
waterproofing,  coloring  and  painting,  rules,  tables,  working  and  cost  data.  The  book  com- 
prises thirty-three  chapters,  as  follow:  Introductory.  Kinds  of  Cement  ami  How  They 
are  Made.  Properties.  Testing  and  Requirements  of  Hydraulic  Cement.  Concrete  and  Its 
Properties.  Sand,  Broken  Stone  and  Gravel  for  Concrete.  How  to  Proportion  the  Materials. 
How  to  Mix  and  Place  Concrete.  Forms  of  Concrete  Construction.  The  Architectural  and 
Artistic  Possibilities  of  Concrete.  Concrete  Residences.  Mortars,  Plasters  and  Stucco, 
and  How  to  Use  Them.  The  Artistic  Treatment  of  Concrete  Surfaces.  Concrete  Building 
Blocks.  The  Making  of  Omamental  Concrete.  Concrete  Pipes,  Fences,  Posts,  etc.  Essen- 
tial Features  and  Advantages  of  Reenforced  Concrete.  How  to  Design  Reenforced  Con- 
crete Beams,  Slabs  and  Columns.  Explanations  of  the  Methods  and  Principles  in  Designing 
Reenforced  Concrete,  Beams  and  Slabs.  Systems  of  Reenforcement  Employed.  Reen- 
forced Concrete  in  Factory  and  General  Building  Construction.  Concrete  in  Foundation  Work. 
Concrete  Retaining  Walls,  Abutments  and  Bulkheads.  Concrete  Arches  and  Arch  Bridges. 
Concrete  Beam  and  Girder  Bridges.  Concrete  in  Sewerage  and  Draining  Works.  Concrete 
Tanks,  Dams  and  Reservoirs.  Concrete  Sidewalks,  Curbs  and  Pavements.  Concrete  in 
Railroad  Construction.  The  Utility  of  Concrete  on  the  Farm.  The  Waterproofing  of  Con- 
crete Structures.  Grout  of  Liquid  Concrete  and  Its  Use.  Inspection  of  Concrete  Work. 
Cost  of  Concrete  Work.  Some  of  the  special  features  of  the  book  are:  1. — ^The  Attention 
Paid  to  the  Artistic  and  Architectural  Side  of  Concrete  Work.  2. — ^The  Authoritative  Treat- 
ment of  the  Problem  of  Waterproofing  Concrete.  3. — ^Aji  Excellent  Summary  of  the  Rules 
to  be  Followed  in  Concrete  Construction.  4. — The  Valuable  Cost  Data  and  Useful  Tables- 
given.    A  valuable  Addition  to  the  Library  of  Every  Cement  and  Concrete  User.   Price  .  $^.50 


"Waterproofing  Concrete.    By  Myron  H.  Lewis. 

Modem  Methods  of  Waterproofing  Concrete  and  Other  Structures.  A  condensed  statement 
of  the  Principles,  Rules,  and  Precautions  to  be  Observed  in  Waterproofing  and  Dampproofing 
Structures  and  Structural  Materials.    Paper  binding.    Illustrated.    Price  ....  50  CentS 
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DICTIONARIES 


aiTUtion   Terms,    Termes    D'Aylation,    English-French,    French-Ei^ltsh. 

Compiled  by  Lieute.  Victor  W.  Pag^,  A.S.,  S.C.U.S.R.,  and  Paul  Mon- 
TARiOL,  of  the  French  Flying  Corps,  on  duty  on  Signal  Corps  Aviation  School, 
Mineola,  L.  I. 

The  lists  contained  are  confined  to  essentials,  and  special  folding  plates  are  included  to  show 
all  important  airplaife  parts.  The  lists  are  divided  in  four  sections  as  follows:  1. — Flying 
Field  Terms.  2. — ^The  Airplane.  3. — The  Engine.  4. — Tools  and  Shop  Terms. 
A  complete,  well  illustrated  volume  intended  to  facilitate  conversation  between  English-speak- 
ing and  French  aviators.  A  very  valuable  book  for  all  who  are  about  to  leave  for  duty  over- 
seas. 

Approved  for  publication  by  Major  W.  G.  Kilner,  S.C.,  U.S.C.O.  Signal  Corps  Aviation  School, 
Haiel hurst  Field,  Mineola,  L.  I.  This  book  should  be  in  everv  Aviator's  and  Mechanic's  Kit 
for  ready  reference.     128  pages,  fully  illustrated,  with  detailed  engravings.     Price  .    .  ^l.M 


39tandard  Electrical  Dictionary.    By  T.  O'Conor  Sloane. 

An  indispensable  work  to  all  interested  in  electrical  science.  Suitable  alike  for  the  student 
and  professional.  A  practical  handbook  of  reference  containing  definitions  of  about  5,000 
distinct  words,  terms  and  phrases.  The  definitions  are  terse  and  concise  and  include  every 
term  used  in  electrical  science.  Recently  issued.  ^  An  entirely  new  edition.  Should  be  in 
the  possession  of  all  whp  desire  to  keep  abreast  with  the  progress  of  this  branch  of  science. 
Complete,  concise  and  convenient.    682  pages,  398  illustrations.    Price $3.6i 


DIES— METAL  WORK 

miles:  Their  Construction  and  Use  for  the  Modern  Working  of  Sheet  Metals. 

By  J,    V.    WOODWORTH. 

A  most  useful  book,  and  one  which  should  be  in  the  hands  of  all  engaged  in  the  press  working 
of  metals;  treating  on  the  Designing,  Constructing,  and  Use  of  Tools,  Fixtures  and  Devices, 
together  with  the  manner  in  which  they  should  be  used  in  the  Power  Press,  for  the  cheap  and 
rapid  production  of  the  great  variety  of  sheet-metal  article.s  now  in  use.  It  is  designed 
as  a  guide  to  the  production  of  sheet-metal  parts  at  the  minimum  of  cost  with  the 
maximum  of  output.  The  hardening  and  tempering  of  Press^  tools  and  the  classes  of  work 
which  may  be  produced  to  the  best  advantage  by  the  use  of  dies  in  the  power  press  are  fully 
treated.  Its  515  illustrations  show  dies,  press  fixtures  and  sheet-metal  working  devices,  the 
descriptions  of  which  are  so  clear  and  practicjil  that  all  metal-working  mechanics  will  be  able 
to  understand  how  to  design,  construct  and  use  them.  Many  of  the  dies  and  press  fixtures 
treated  were  either  constructed  by  the  author  or  under  his  supervision.  Others  were  built  by 
skilful  mechanics  and  are  in  use  in  large  sheet-metal  establishments  and  machine  shops. 
6th  Revised  and  Enlarged  Edition.     Price $3*M 


Punches,  Dies  and  Tools  for  Manufacturing  In  Presses.    By  J.  V.  Wood- 
worth. 

This  work  is  a  companion  volume  to  the  author's  elementary  work  entitled  "Dies:  Their 
Construction  and  Use."  It  does  not  go  into  the  details  of  die-making  to  the  extent  of  the 
author's  previous  book,  but  gives  a  comprehensive  review  of  the  field  of  operations  carried  on 
by  presses.  A  large  part  of  the  information  given  has  been  drawn  from  the  author's  personal 
experience.  It  might  well  be  termed  an  Encyclopedia  of  Die- Making,  Punch-Making,  Die- 
Sinking,  Sheet- Metal  Workini?,  and  Making  of  Soecial  Tools.  Sub-presses,  Devioes  and  Mechani- 
cal Combinations  for  Punching,  Cutting.  Rending,  Forming,  Pieroine.  Prawinfic,  Compressing 
and  Assembling  Sheet-Metal  Parts,  and  also  Articles  of  other  Materials  in  Machine  Tools. 
2d  Edition.     Price S4. 
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Drop  Forcing,  Die-Stnklng  and  Machine-Forming .  of  Steel*    By  J.   V. 

WOODWORTH. 

This  is  a  practical  treatise  on  Modem  Shop  Practice,  Prooessos,  Methods,  Machine  Tools. 
aiid  Detail»  treating  on  the  Hot  and  Cold  Machine-Forming  df  -Steel  and  Iron  into  Finished 
Shapes:  together  with  Tools,  Dies,  and  Machinery  involved  in  the  manufacture  of  Duplicate 
Forgings  and  Interchangeable  Hot  and  Cold  Pressed  Parts  from  Bar  and  Sheet  Metal.  This 
book  fills  a  demand  of  long  standing  for  information  regarding  drop-forging,  die-sinking  and 
machine-forming  of  steel  and  the  shop  practice  involved,  as  it  actually  exists  in  the  modem 
drop-forging  shop.  The  processes  of  die-sinking  and  force-making,  which  are  thoroughly 
despribea  and  illustrated  m  this  admirable  work,  are  rarely  to  be  found  explained  in  such  a 
clear  and  concise  manner  as  is  here  set  forth.  The  process  of  die-sinking  relates  to  the  engrav- 
ing or  sinking  of  the  female  or  lower  dies,  such  as  are  used  for  drop-forgings,  hot  and  cold 
machine-forging,  swedging,  and  the  press  working  of  metals.  The  process  of  force-making 
relates  to  the  engraving  or  raising  of  the  male  or  upp$r  dies  used  in  producing  the  lower  dies 
for  the  press>-forming  and  machine-forging  of  duplicate  parts  of  metal. 

In  addition  to  the  arts  above  mentioned  the  book  contains  explicit  information  regarding  the 
drop-forging  and  hardening  plants,  designs,  conditions,  equipment,  drop  hammers,  forging 
machines,  etc.,  machine  forgmg,  hydraulic  forging,  autogenous  welding  and  shop  practice. 
The  book  contains  eleven  chapters,  and  the  information  contained  in  these  chapters  is  just 
what  will  prove  most  valuable  to  the  forged-metal  worker.  All  operations  described  in  the 
work  are  thoroughly  illustrated  by  means  of  perspective  half-tones  and  outline  sketches  of 
the  machinery  employed.     300  detailed  illustrations.    Price $!S*50 


DRAWING— SKETCHING  PAPER 


Practical  Perspectlye.    By  Richards  and  Colvin. 

Shows  just  how  to  make  all  kinds  of  mechanical  drawings  ia  the  only  practical  perspective 
isometric.  Makes  everything  plain,  so  that  any  mechanic  cap.  understand  a  sketch  or  drawing 
in  this  way.  Saves  time  in  the  drawing  room,  and  mistakes  in  the  shops.  Contains  practical 
examples  of  various  classes  of  work.     4th  Edition.     Price 50  CCnlS 

linear  PerspeetlYe  .Self-Taught.    By  Herman  T.  C.  Kratts'. 

This  work  gives  the  theory  and  practice  of  linear  perspective,  as  used  in  architectural,  engineer- 
ing and  mechanical  drawing.  Persons  taking  up  the  study  of  the  subject  by  themselves  will 
be  able,  by  the  use  of  the  instruction  given,  to  readily  grasp  the  subject,  and  by  reasonable 
practice  become  good  perspective  draftsmen.  The  arrangement  of  the  book  is  good ;  the  plate 
IS  on  the  left-hand,  while  the  d^criptive  text  follows  on  the  opposite  i>age,  so  as  to  be  readily 
referred  to.  The  drawings  are  on  sufficiently  large  scale  to  snow  the  work  clearly  and  are 
plainly  fibred.  There  is  included  a  self-explanatory  chart  which  gives  all  information  neces- 
sary for  t^e  thorough  understanding^  of  perspective.  This  chart  alone  is  worth  many  times 
over  the  price  of  the  book.     2d  Revised  and  Enlarged  Edition.     Price 9!3«60 

Self-Taught  Mechanical  Drawing  and  Elementary  Machine  Design.    By 

F.  L.  Sylvester^  M.E.,  Draftsman,  with  additions  by  Erik  Oberq,  associate 
editor  of  "Machinery." 

This  is  a  practical  treatise  on  Mechanical  Drawing  and  Machine  Design,  comprising  the  first 
princiDles  of  geometric  and  mechanical  drawing,  workshop  mathematics,  mechanics,  strength 
of  materials  and  the  calculations  and  design  of  machine  details.  The  author's  aim  has  been 
to  adapt  this  treatise  to  the  requirements  of  the  practical  mechanic  and  yount?"  draftsman 
and  to  present  the  matter  in  as  clear  and  concise  a  manner  as  possible.  To  meet  the  demands 
of  this  class  of  students,  practically  all  the  important  elements  of  machine  design  have  been 
dealt  with,  and  in  addition  algebraic  formulas  have  been  explained,  and  the  elements  of 
trigonometry  treated  in  the  manner  best  suited  to  the  needs  of  the  practical  man.  The  book 
is  ii  vi  i3  i  into  20  chanters,  and  in  arranging  the  material,  mechanical  drawing,  pure  and  simnle, 
has  been  taken  up  first,  as  a  thorough  understanding  of  the  princinles  of  representing  objects 
facilitates  the  further  study  of  mechanical  subjects.  This  is  followed  by  the  mathematics 
necessary  for  the  solution  of  the  problems  in  machine  design  which  are  presented  later,  and  a 
practical  introduction  to  theoretical  mechanics  and  the  strength  of  materials.  The  various 
elements  entering  into  machine  design,  such  as  cams,  gears,  sprocket-wheels,  cone  pulleys* 
bolts,  screws,  counlings,  clutches,  shafting  and  fly-wheels,  have  been  treated  in  such  a  wav 
as  to  make  possible  the  use  of  the  work  as  a  text-book  for  a  continuous  course  of  study.  It 
is  easily  comprehended  and  assimilated  even  by  students  of  limited  previous  training.  330 
pckges,  215  engravings.     Price $!8*09 
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A  New  Sketching  Paper. 

A  new  specially  ruled  paper  to  enable  you  to  make  sketches  or  drawings  in  isometric  perspec- 
tive without  any  figuring  or  fussing.  It  is  being  used  for  shop  details  as  well  as  for  assembly 
drawings,  as  it  makes  one  sketch  do  the  work  of  three,  and  no  workman  can  help  seeing  just 
what  is  wanted. 

Pads  of  40  sheets,  6x9  inches.     Price ^  CentS 

Pads  of  40  sheets,  9x12  inches.     Price 50  CeiltS 

40  sheets,  12x18  inches.  Price fl.CN^ 


ELECTRICITY 

Arithmetic  of  Electrldty*    By  Prof.  T.  O'Conor  Sloane. 

A  practical  treatise  on  electrical  calculations  of  all  kinds  reduced  to  a  series  of  rules,  all  of  the 
simplest  forms,  and  involving  only  ordinary  arithmetic;  each  rule  illustrated  by  one  or  more 
practical  problems,  with  detailed  solution  of  each  one.  This  book  is  classed  among  the  most 
useful  works  published  on  the  science  of  electricity,  covering  as  it  does  the  mathematics  of 
electricity  in  a  manner  that  will  attract  the  attention  of  those  who  are  not  familiar  with  alge- 
braical formulas.     20th  Edition.     160  pages.     Price fl.OO 


Commutator  Construction.    By  Wm.  Baxter,  Jr. 

The  business  end  of  any  dynamo  or  motor  of  the  direct  current  type  is  the  commutator.  This 
book  goes  into  the  designing,  building,  and  maintenance  of  commutators,  shows  how  to  locate 
troubles  and  how  to  remedy  them;  everyone  who  fusses  with  djmamos  needs  this.    4thEklition. 

Price .25  cents 


Dynamo  Bufldlng  for  Amateurs,  or  How  to  Construct  a  Fifty-Watt  Dynamo. 

By  Arthur  J.  Weed,  Member  of  N.  Y.  Electrical  Society. 

A  practical  treatise  showing  in  detail  the  construction  of  a  small  dynamo  or  motor,  the  entire 
machine  work  of  which  can  be  done  on  a  small  foot  lathe.  Dimensioned  working  drawing 
are  given  for  each  piece  of  machine  work,  and  each  operation  is  clearly  described.  This 
machine,  when  used  as  a  dynamo,  has  an  output  of  Miy  watts;  when  used  as  a  motor  it  will 
drive  a  small  drill  press  or  lathe.  It  can  be  used  to  drive  a  sewing  machine  on  any  and  all 
ordinary  work.  The  book  is  illustrated  with  more  than  sixty  original  engravings,  showing  the 
actual  construction  of  the  different  parts.  Among  the  contents  are  chapters  on:  1.  Fifty- Watt 
Dynamo.  2.  Side  Bearing  Rods.  3.  Field  Punching.  4.  Bearings.  5.  Commutator.  6. 
Pulley.  7.  Brush  Holders.  8.  Connection  Board.  9.  Armature  Shaft.  10.  Annature. 
11.  Armature  Winding.     12.  Field  Winding.     13.  Connecting  and  starting. 

Paper.     Price 50  CCUtS 

Cloth.     Price 91.00 


Electric  Bells.    By  M.  B.  Sleeper. 

A  complete  treatise  for  the  practical  worker  in  Installing,  Operatinp  and  Testing  Bell  CirouitSt 
Burglar  Alarms,  Thermostats,  and  other  apparatus  used  with  Electric  Bells. 
Both  the  electrician  and  the  experimenter  will  find  in  this  book  new  material  which  is  essential 
in  their  work.  Tools,  bells,  batteries,  unusual  circuits,  burglar  alarms,  annunciator  systems, 
thermostats,  circuit  breakers,  time  alarms,  and  other  apparatus  used  in  bell  circuits  are  de- 
scribed from  the  standpoints  of  their  application,  construction  and  repair.  The  detailed 
instruction  for  building  the  apparatus  will  appeal  to  the  experimenter  particularly. 
The  practical  worker  will  find  the  chapter  on  Wiring,  Calculation  of  Wire  Sizes  and  Magnet 
Winding,  Upkeep  of  Systems,  and  the  Location  of  Faults,  of  the  greatest  value  in  their  work. 
Among  the  chapters  are:  Tools  and  Materials  for  Bell  Work;  How  and  Why  Bell  Work; 
Batteries  for  Small  Installations;  Making  Pells  and  Push  Buttons;  Wiring  Bell  Systems; 
Construction  of  Annunciators  and  Signals;  Burglary  Alarms  and  Auxiliary  Apparatus;  More 
Elaborate  Bell  Systems;  Finding  Faults  and  Remedying  Them.      124  pages,  fully  illustrated. 

Price.  50  cents 
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Electric  Lighting:  and  Heating  Pocicet  Boole.    By  Sydney  F.  Walker. 

This  book  puts  in  convenient  form  useful  information  regarding  the  apparatus  which  is  likely 
to  be  attacned  to  the  mains  of  an  electrical  company.  Tables  of  units  and  equivalents  are  in- 
cluded and  useful  electrical  laws  and  formulas  are  stated.  438  pages,  300  engravings.  Bound 
in  leather.    Pocket  book  form.    Price ,   .  ^,i 


Electric  Wiring,  Diagrams  and  Switchboards*    By  Newton  Harrison,  with 
additions  by  Thomas  Poppe. 

A  thoroughly  practical  treatise  covering  the  subject  of  Electric  Wiring  in  all  its  branches, 
including  explanations  and  diagrams  which  are  thoroughly  e3q;>licit  ana  greatly  simplify  tiie 
subject.  Practical,  every-day  problems  in  wiring  are  (presented  and  the  method  of  obtain- 
ing intelligent  results  clearly  snown.^  Only  arithmetic  is  used.  Ohm's  law  is  given  a  sim- 
ple erolanation  with  reference  to  wiring  for  direct  and  alternating  currents.  The  funda- 
mental principle  of  drop  of  iiotential  in  circuits  is  shown  with  its  various  applications.  The 
simple  circuit  1$  developed  with  the  position  of  mains,  feeders  and  branches;  their  treatment 
as  a  part  of  a  wiring  plan  and  their  employment  in  house  wiring  clearly  illustrated.  Some 
simple  facts  about  testing  are  included  in  connection  with  the  wiring.  Molding  and  conduit 
work  are  given  careful  consideration;  and  switchboards  are  systematically  treated,  built  up 
and  illustrated,  showing  the  purpose  they  serve,  for  connection  with  the  circuits,  and  fb  shunt 
and  compound  wound  macnines.  The  simple  principles  of  switchboard  construction,  the 
development  of  the  switchboard,  the  connections  of  tne  various  instruments,  including  the 
lightning  arrester,  are  also  plainly  set  forth. 

Alternating  current  wiring  is  treated,  with  explanations  of  the  power  factor,  conditions  calling 
for  various  sizes  of  wire,  and  a  simple  way  of  obtaining  the  sizes  for  single-phase,  two-phase 
and  three-phase  circuits.  This  is  the  only  complete  work  issued  showing  and  telling  you  what 
you  should  know  about  direct  and  altematii^  current  wiring.  It  is  a  ready  reference.  The 
work  is  free  from  advanced  technicalities  and  mathematics,  arithmetic  being  used  throughout. 
It  is  in  every  respect  a  handy,  well-written,  instructive,  comprehensive  volume  on  wiring 
for  the  wireman,  foreman,  contractor,  or  electrician.  2na  Revised  Edition.  303  pages,  130 
illustrations.     Price $1*50 


Electric  Furnaces  and  their  Industrial  Applications*    By  J.  Wright. 

This  is  a  book  which  will  prove  of  interest  to  many  classes  of  people;  the  manufacturer  who 
desires  to  know  what  product  can  be  manufactured  successfully  in  the  electric  furnace,  the 
chemist  who  wishes  to  post  himself  on  the  electro-chemistry,  and  the  student  of  science  who 
merely  looks  into  the  subject  from  curiosity.  New,  Revised  and  Enlarged  Edition.  320 
pages.     Fully  illustrated,  cloth.    Price      ^.M 


Electric  Toy  Making,  Dynamo  Buflding,  and  Electric  Motor  Construction. 

By  Prof.  T.  O'Conor  Sloane. 

This  work  treats  of  the  making  at  home  of  electrical  toys,  electrical  apparatus,  motors,  dynamos, 
and  instruments  in  general,  and  is  designed  to  bring  within  the  reach  of  young  and  old  the 
manufacture  of  genuine  ana  useful  electrical  appliances.  The  work  is  especially  designed  for 
amateurs  and  young  folks. 

Thousands  of  our  young  people  are  daily  experimenting,  and  busily  engaged  in  making  elec- 
trical toys  and  apparatus  of  various  kinds.  The  present  work  is  just  what  is  wanted  to  give 
the  much  needed  information  in  a  plain,  practical  manner,  with  illustrations  to  make  easy 
the  carrying  out  of  the  work.    20th  Edition.    Price ^1*00 


Electricity  Simplified.    By  Prof.  T.  O'Conor  Sloane. 

The  object  of  "Electricity  Simplified"  is  to  make  the  subject  as  plain  as  possible  and 
to  show  what  the  modern  conception  of  electricity  is;  to  show  how  two  plates  of  different 
metal,  immersed  in  acid,  can  send  a  message  around  the  globe;  to  explain  how  a  bundle  of 
copper  wire  rotated  by  a  steam  engine  can  be  the  agent  in  lighting  our  streets,  to  tell  what  the 
volt,  ohm  and  ampere  are,  and  what  high  and  low  tension  mean ;  and  to  answer  the  question? 
that  perpetually  arise  in  the  mind  in  this  age  of  electricity.  13th  Edition.  172  pages.  Illus- 
trated.    Price        » $1*00 
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HoQse  Wiring.    By  Thomas  W.  Poppe. 

Tills  wprk  4?8cribea  and  illustrate  th,^  actual  installation  of  Electric  Light  Wiring,  the  man- 
ner in^^whiph  the  work  should  be  dqni^,  and  the  method  of  doing  it.  The  book  can  be  con- 
veniently carried  in  the  pocket.  .It  is  intended  for  the  Electrician,  Helper  and  Apprentice. 
It  solves  all  Wiring  Problems  and  contains  nothing  that  conflicts  with  the  rulings  of  the 
National  Board  of  Fire  Underwriters.  It  gives  just  the  information  essential  to  the  Success- 
ful Wiring  of  a  Building.  Among  the  subjects  treated  are:  Locating  the  Meter.  Panel- 
Boards.  Switches.  Plug  Receptacles.  Brackets.  Ceiling  Fixtures.  The  Meter  Connec- 
tions. The  Feed  Wires.  The  Steel  Armored  Cable  System.  The  Flexible  Steel  Conduit 
System.  Thc)  vBidig  Conduit  System.  A  digest  of  the  National  Board  of  Fire  Underwriters* 
rules  relating  to  metallic  wiring' systems.  _  Various  switching  arrangements  explained  and 
diagrammed.  The  easiest  method  of  testing  the  Three-ana  Four-way  circuits  explained. 
The  grounding  of  all  metallic  wiring  systems  and  the  reason  for  doing  so  shown  and  explained. 
Ther.ins^lait^on  of  the  met^l  parts  df  lamp  fixtures  ahd  the  reason  for  the  same  described  and 
illustrated.  125  pages.  2nd  EMil^on,  revised  and  enlarged.  Fully  illustrated.  Flexible 
c^oth.    Price .50  ceiltS 


Bow  to  Beeome  a  Successful  Electrician.    By  Prof.  T.  O'Conor  Sloane. 

•Every  young  man  who  wishes  to  become  a  successful  electrician  should  read  this  book.  It 
tells  in  simpTe  language  the  'surest  and  easiest  way  to  become  a  successful  electrician.  The 
studies  tp  be  followed,  methods  of  work,  field  of  operation  and  the  requirements  of  the  suc- 
cessful electrician  are  pointed  out  and  fully  explained.  Every  young  engineer  witl  find  this  an 
excellent  stepping  stone  to  more  advanced  works  on  electricity  which  he  must  master  before 
success  can  be  stttained.  Many  young  men  become  discouraged  at  the  very  outstart  by  at- 
tempting to  read  and  study  books  that  are  far  beyond  their  comprehension.  .  This  book  serves 
as  the  connecting  link  between  the  rudiments  taught  in  the  public  schools  and  the  real  study 
of  electricity.  It  is  interesting  from  cover  to  cover.  18th  Revised  Edition,  just  issued.  206 
pajges.     Illustrated.  Price  $1*00 


management  of  Dynamos.    By  Lummis-Paterson. 

A  handbook  of  theory  and  practice.  This  work. is  arranged  in  three  parts.  The  first  part 
CO  Vers  the  elementarv  theory  of  the  dynamo.  The  sfecbnd  part,  the  construction  and  action 
of  the  different  classes  of  dynamos  in  common  use  are  described;  while  the  third  part  relates 
to  such  matters  as  affect  the  practical  management  and  working  of  dynamos  and  motors. 
4th  Edition.    292  pages,  117  illustrations.    Price     .    .' $1.50 


Practical  Electricity,    By  Prof.  T.  O'Conor  Sloanb. 

This  work  of  7G8  pages  was  previously  known  as  Sloane's  Electricians'  Hand  Book,  and  is 
intended  for  the  practical  electrican  who  has  to  make  things  go.  The  entire  field  of  electricity 
is  covered  within  its  pages.  Among  some  of  the  subjects  treated  are:  The  Theory  of  the 
Electric  Current  anci  Circuit,  Electro-Chemistry,  Primary  Batteries,  Storage  Batteries, 
Generation  and  Utilization  of  Electric  Powers,  Alternating  Current,  Armature  Winding, 
Dynamos  and  Motors,  Motor  Generators,  Operation  of  the  Central  Station  Switchboards, 
Safety  Appliances,  Distribution  of  Electric  Light  and  Power,  Street  Mains,  Transformers, 
Arc  and  Incandescent  Lighting,  Electric  Measurements,  Photometry,  Electric  Railways, 
Telephony,  Bell-Wiring,  Electric-Plating,  Electric  Heating,  Wireless  Telegraphy,  etc.  It 
contains  no  useless  theory;  everything  is  to  the  point.  It  teaches  you  just  what  you  want 
to  know  about  electricity.  It  is  the  standard  work  published  on  the  subject.  Forty-one 
chapters,  556  engravings.    Price $Z»50 


Switchboards.    By  William  Baxter,  Jr. 

This  book  appeals  to  every  engineer  and  electrician  who  wants  to  know  the  practical  side 
of  things.  It  takes  up  all  sorts  and  conditions  of  dynamos,  connections  and  circuits,  and 
shows  by  diagram  and  illustration  just  how  the  switchboard  should  be  connected.  Includes 
direct  and  alternating  current  boards,  also  those  for  arc  lighting,  incandescent  and  power 
circuits.  Special  treatment  on  high  voltage  boards  for  power  transmission.  2nd  Edition. 
190  pages.  Illustrated.     Price $1.50 
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Standard  Electrical  Dictionary.    By  T.  O'Conor  Sloanb. 

An  indispensable  work  to  all  interested  in  electrical  science.  Suitable  alike  for  the  student 
and  professional.  A  practical  handbook  of  reference  containing  definitions  of  about  5,000 
distinct  words,  terms  and  phrases.  The  definitions  are  terse  and  concise  and  include  every 
>  ...  term  used  in  electrical  science.  Recectly  issued.  An  entirely  new  edition.  Should  be  in  the 
possession  of  all  who  desire  to  keep  abreast  with  the  progress  of  this  branch  of  scieiioe.  In 
Its  arrangement  and  typograph}^  the  booK  is  very  convenient.  The  word  or  term  defined  is 
printed  in  black-faced  type,  which  readily  catches  the  eye,  while  the  body  of  the  page  is  in 
smaller  but  distinct  tjrpe.  The  definitions  are  well  worded,  and  so  as  to  be  understood  by  the 
ndn-technical  reader.  The  general  plan  seems  to  be  to  give  an  exact,  concise  definition,  and 
then  amplify  and  explain  in  a  more  popular  way.  Synonyms  are  also  given,  and  references 
to  other  words  and  phrases  are  made.  A  very  complete  and  accurate  index  of  fifty  pages 
is  at  the  end  of  the  volume;  and  as  this  index  contains  all  synonyms,  and  as  all  phrases  are 
indexed  in  every  reasonable  combination  of  words,  reference  to  the  proper  place  in  the  body 
of  the  book  is  readily  made.  It  is  difficult  to  decide  how  far  a  book  of  this  character  is  to 
keep  the  dictionary  form,  and  to  what  extent  it  may  assume  the  encyclopedia  form.  For 
some  purposes,  concise,  exactly  worded  definitions  are  needed;  for  other  purposes,  more 
extended  descriptions  are  required.  This  book  seeks  to  satisfy  both  demands,  and  does  it 
with  considerable  success.  682  pages,  393  illustratigns.  12th  Edition. 
Price $3.00 


Storage  Batteries  Simplified.    By  Victor  W.  Pag£,  M.E. 

A  complete  treatise  on  storage  battery  operating  principles,  repairs  and  applications. 
The  greatly  increasing  application  of  storage  batteries  in  modern  engineering  and  mechanical 
work  has  created  a  demand  for  a  book  that  will  consider  this  subject  completely  and  exclu- 
sively. This  is  the  most  thorough  and  authoritative  treatise  ever  published  on  this  subject. 
It  is  written  in  easily  understandable,  non-technical  language  so  that  any  one  may  grasp 
the  basic  principles  of  storage  battery  action  as  well  as  their  practical  industrial  applications. 
All  electric  ana  gasoline  automobiles  use  storage  batteries.  Every  automobile  repairman, 
dealer  or  salesman  should  have  a  good  knowledge  of  maintenailce  and  repair  of  these  import 
tant  elements  of  the  motor  car  mechanism.  This  book  not  only  tells  how  to  charge,  care  for 
and  rebuild  storage  batteries  but  also  outlines  all  the  industrial  uses.  learn  how  they  run 
street  cars,  locomotives  and  factory  trucks.  Get  an  understanding  of  the  important  functions 
they  perform  in  submarine  boats,  isolated  lighting  plants,  railway  switch  and  sigtial  systems, 
marine  applications,  etc.  This  book  tells  how  they  are  used  in  central  station  standby  service, 
for  starting  automobile  motors  and  in  ignition  systems.  Every  practical  use  of  the  modem 
storage  battery  is  outlined  in  this  treatise.     320  pages,  fully  illustrated.    Price    .    .    .    01*^0 


Telephone  Construction,  Installation,  Wiring,  Operation  and  Maintenance. 

By  W.  H.  Radcliffe  and  H.  C.  Gushing. 

This  book  is  intended  for  the  amateur,  the  wireman,  or  the  engineer  who  desires  to  establish 
a  means  of  telephonic  communication  between  the  rooms  of  his  home,  office,  or  shop.  It 
deals  only  with  such  things  as  may  be  of  use  to  him  rather  than  with  theories. 
Gives  the  principles  of  construction  and  operation  of  both  the  Bell  and  Inde[>endent  instru- 
ments; approved  methods  of  installing  and  wiring  them;  the  means  of  protecting  them 
from  lightning  and  abnormal  currents;  their  connection  together  for  operation  as  series  or 
bridging  stations;  and  rules  for  their  inspection  and  maintenance.  Line  wiring  and  the  wiring 
and  operation  of  special  telephone  systems  are  also  treated.  Intricate  mathematics  are 
avoided,  and  all  apparatus,  circuits  and  systems  are  thoroughly  described.  The  appendix 
contains  definitions  of  units  and  terms  used  m  the  text.  Selected  wiring  tables,  which  are  very 
helpful,  are  also  included.  Among  the  subjects  treated  are  Construction,  Operation,  and 
Installation  of  Telephone  Instruments;  Inspection  and  Maintenance  of  Telephone  Instru- 
ments; Telephone  Line  Wiring;  Testing  Telephone  Line  Wires  and  Cables;  Wiring  and 
Operation  of  Special  Telephone  Systems,  etc.  2nd  Edition,  Revised  and  Enlarged.  223 
pages,  154  illustrations       $1*00 


Wiring  a  House.    By  Herbert  Pratt. 

Shows  a  house  already  built;  tells  just  how  to  start  about  wiring  it;  where  to  begin;  what 
wire  to  use;  how  to  run  it  according  to  Insurance  Rules;  in  fact,  just  the  information  yov 
need.     Directions  apply  equally  to  a  shop.    4 lb  Edition.    Price 2S  CCnttf 
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Wireless  Telegraphy  and  Telephony  Simply  Explained.    By  Alfred  P. 
Morgan. 

This  is  undoubtedly  one  of  the  moet  complete  and  comprehensible  treatises  on  the  subject 
ever  published,  and  a  close  study  of  its  pages  will  enable  one  to  master  all  the  details  of  the 
•  wireless  transmission  of  messages.  The  author  has  filled  a  long-felt  want  and  has  succeeded 
in  furnishing  a  lucid,  comprehensible  explanation  in  simple  language  of  the  theory  and  practice 
of  wireless  telegraphy  and  telephony. 

Among  the  contents  are:  Introductory;  Wireless  Transmission  and  Reception — ^The  Aerial 
^stem.  Earth  Connections — ^The  Transmitting  Apparatus,  Spark  Coils  and  Transformers* 
Condensers,  Helixes,  Spark  Gaps,  Anchor  Gaps,  Aenal  Switches — ^The  Receiving  Apparatus, 
Detectors,  etc. — ^Tuning  and  Cfoupling,  Tuning  Coils,  Loose  Couplers,  Variable  Condensers* 
Directive  Wave  Systems — Miscellaneous  Apparatus,  Telephone  Receivers,  Range  of  Stations 
Static  Interference — ^Wireless  Telephones,  Sound  and  Sound  Waves,  The  Vocal  Cords  an.i 
Ear — Wireless  Telephone,  How  Sounds  Are  Changed  into  Electric  Waves — Wireless  Tel€^ 
phones.  The  Apparatus — Summary.     154  pages,  156  engravings.    Price $1*00 


FACTORY  MANAGEMENT,  ETC. 

Modem  Machine  Shop  Construction,  Equipment  and  Management.    By 

O.  E.  Perrxgo,  M.E. 

The  only  work  published  that  describes  the  modem  machine  shop  or  manufacturing  plant 
from  the  time  tne  grass  is  growing  on  the  site  intended  for  it  until  the  finished  product  is 
shipped.  By  a  careful  study  of  its  thirty-two  chapters  the  practical  man  may  economically 
buiid,  eflSciently  equip,  and  successfully  manage  the  modem  machine  shop  or  manufacturing 
establishment.  Just  the  book  needed  by  those  contemplating  the  erection  of  modem  shop 
buildings,  the  rebuilding  and  reorganisation  of  old  ones,  or  the  introduction  of  modem  shop 
methods,  time  and  cost  systems.  It  is  a  book  written  and  illustrated  by  a  practical  shop 
man  for  practical  shop  men  who  are  too  busy  to  read  theories  and  want  facts.  It  is  the  most 
complete  all-around  book  of  its  kind  ever  published.  It  is  a  practical  book  for  practical  men, 
from  the  apprentice  in  the  shop  to  the  president  in  the  office.  It  minutely  describes  and  il- 
lustrates the  m«st  simple  and  jret  the  most  efficient  time  and  cost  system  yet  devised.  2nd 
Revised  and  Enlarged  Edition,  just  issued.     384  pages,  219  illustrations.    Price  .    .   .  f5«00 


FUEL 

Combustion  of  Coal  and  the  Prevention  of  Smoke.    By  Wm.  M.  Barb. 

This  book  has  been  prepared  with  special  reference  to  the  generation  of  heat  by  the  com- 
bustion of  the  common  fuels  found  in  the  United  States,  and  deals  particularly  with  the  con- 
ditions necessary  to  the  economic  and  smokeless  combustion  of  bituminous  coals  in  Stationary 
and  Locomotive  Steam  Boilers. 

The  presentation  of  this  important  subject  is  systematic  and  progressive.  The  arrangement 
of  the  book  is  in  a  series  of  practical  questions  to  which  are  appended  accurate  answers,  which 
describe  in  language,  free  irom^  technicalities,  the  several  processes  involved  in  the  furnace 
combustion  of  American  fuels;  it  clearly  states  the  essential  requisites  for  perfect  combustion, 
and  points  out  the  best  methods  for  furnace  construction  for  obtaining  the  greatest  quantity 
of  heat  from  any  given  quality  of  coal.    Nearly  350  pages,  fully  illustrated.    Price  .    .     $1.00 

Smoke  Prevention  and  Fuel  Economy.    By  Booth  and  Kershaw. 

A  complete  treatise  for  all  interested  in  smoke  prevention  and  combustion,  being  based  on 
the  German  work  of  Ernst  Schmatolla,  but  it  is  more  than  a  mere  translation  of  the  German 
treatise,  much  being  added.  The  authors  show  as  briefly  as  possible  the  principles  of  fuel 
combustion,  the  methods  which  have  been  and  are  at  present  in  use,  as  well  as  the  proper 
scientific  methods  for  obtaining  all  the  ener^  in  the  coal  and  burning  it  without  smoke. 
Considerable  space  is  also  given  to  the  examination  of  the  waste  gases,  and  several  of  the 
representative  English  and  American  mechanical  stoker  and  similar  appliances  are  described. 
The  losses  carried  away  in  the  waste  gases  are  thoroughly  analyzed  and  discussed  in  the  Ap- 
pendix, and  abstracts  are  also  here  jciven  of  various  patents  on  combustion  apparatus.  The 
book  is  complete  and  contains  much  of  value  to  all  who  have  charge  of  large  plants.  104  pages. 
Illustrated.     Price $!$,50 
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GAS  ENGINES  AXD  GAS 

Om»   Gasoline  and  OU  Engines.     By  Gardner  D.  Hisgox.     Revised  by 
Victor  W.  Pag£,  M.E. 

Just  issued  New  1918  Edition,  Revised  and  Enlarged.  Erezy  user  of  a  gas  engine  need» 
this  book.  Simple,  instructive  and  right  up-to^ate.  The  only  complete  work  on  the  subject. 
Tells  all  about  internal  combustion  engineering,  treating  exhaustively  on  the  design,  con- 
struction and  practical  application  of  all  forms  of  gas,  gasoline,  kerosene  and  crude  petroleum- 
oil  engines.  Describes  mmutely  all  auxiliary  systems,  such  as  lubrication,  carburetion  and 
ignition.  Considers  the  theory  and  management  of  all  forms  of  exjlosive  motors  for  sta- 
tionary and  marine  work,  automobiles,  aeroplanes  and  motor-cycles.  Includes  also  Producer 
Gas  and  Its  Production.  Invaluable  instructions  for  all  students,  gas-engine  owners,  gas- 
engineers,  patent  expf'rts,  designers,  mechanics,  draftsmen  and  all  having  to  do  with  the 
modern  power.  Illustrated  by  over  433  en'^ravings,  many  specially  made  from,  engineering 
drawings,  all  in  correct  proportion.    650  pages,  435  engravings.    Price  ....     $!S«50  net 

The  Gasoline  Engine  on  the  Farm:  Its  Operation,  Repair  and  Uses.    By 

Xeno  W.  Putnam. 

This  is  a  practical  treatise  on  the  Gasoline  and  Kerosene  Engine  intended  for  the  man  who 
wants  to  know  just  how  to  manage  his  engine  and  how  to  apply  it  to  all  kinds  of  farm  work 
to  the  best  advanta^^e. 

This  book  abounds  with  hints  and  helps  for  the  farm  and  suggestions  for  the  home  and  house- 
wife. There  is  so  much  o(  value  in  this  book  that  it  is  impossible  to  adequately  describe  it 
in  such  small  space.  Suffice  to  say  that  it  is  the  kind  of  a  book  every  farmer  will  appreciate 
and  every  farm  home  ought  to  have.  Includes  selecting  the  most  suitable  engine  for  farm 
work,  its  most  convenient  and  eCicient  installation,  with  chapters  on  troubles,  their  remedies, 
and  how  to  avoid  them.  The  care  and  management  of  the  farm  tractor  in  plowing,  harrowing, 
harvesting  and  road  grading  are  fully  covered:  also  plain  directions  are  given  for  handling: 
the  tractor  on  the  road.  Special  attention  is  given  to  relieving  farm  life  of  its  drudgery  by 
applying  power  to  the  disagreeable  small  tasks  which  must  otherwise  be  done  by  hand.  Many 
home-made  contrivances  for  cutting  wood,  supplying  kitchen,  garden,  and  barn  with  water, 
loading,  hauling  and  unloading  hay,  delivering  ^ain  to  the  bins  or  the  feed  trough  are  in- 
cluded; also  full  directions  for  making  the  engine  milk  the  cows,  chum,  wash,  sweep  th» 
house  and  clean  the  windows,  etc.  Very  fully  illustrated  with  drawings  of  working  parts  and 
cuts  showing  Stationary,  Portable  and  Tractor  Engines  doing  all  kinds  of  farm  work.  All 
money-making  farms  utilize  power.  Learn  how  to  utilise  power  by  reading  the  pages  o\  this- 
book.  It  is  an  aid  to  the  result  getter,  invaluable  to  the  up-to-date  farmer,  student,  black- 
smith, implement  dealer  and,  in  fact,  all  who  can  apply  practical  knowledge  of  stationary 
gasoline  engines  or  gas  tractors  to  advantage.    530  pages.   Nearly  180  engravings.   Price  |KS,0O> 

WHAT  IS  SAID  OF  THIS  BOOK: 

** Am  much  pleased  with  the  book  and  find  it  to  be  verv  complete  and  up-to-date.  I  willi 
heartily  recommend  it  to  students  and  farmers  whom  I  think  would  stand  m  need  of  such  a. 
work,  as  I  think  it  is  an  exceptionally  good  one." — N.  S.  Gardiner,  Prof,  in  Charge,  Clemson 
Agr.  College  of  S.  C;   Dept.  of  Agri.  and  Agri.  Exp.  Station,  Clemson  College,  S.  C. 

"I  feel  that  Mr.  Putnam's  book  covers  the  main  noints  which  a  farmer  should  know." — R.  T, 
Burdick,  Instructor  in  Agronomy,  University  of  Vermont,  Burlington,  Vt. 

Gasoline  Engines:  Theli'  Operation,  Use  and  Care.    By  A.  Hyatt  Verrill. 

The  simplest,  latest  and  most  comprehensive  popular  work  published  on  Gasoline  Engines,, 
describing  what  the  Gasoline  Engine  is;    its  construction  and  operation;    how  to  install  it; 
how  to  select  it;  how  to  use  it  and  how  to  remedy  troubles  encountered.     Intended  for  Owners, 
Operators  and  Users  of  Gasoline  Motors  of  all  kinds.    This  work  fully  describes  and  illustrates  the- 
various  types  of  Gasoline  Engines  used  in  Motor  Boats,  Motor  Vehicles  and  Stationary  Work. 
The  parts,  accessories  and  appliances  are  described  with  chapters  on  ignition,  fuel,  lubrication, 
operation  and  engine  troubles.     Special  attention  is  given  to  the  care,  operation  and  repair 
of  motors,  with  useful  hints  and  suggestions  on  emergency  repairs  and  makeshifts.     A  com- 
plete glossary  of  technical  terms  and  an  alphabetically  arranged  table  of  troubles  and  their- 
symptoms  form  most  valuable  and  unique  features  of  this  manual.     Nearly  every  illustration 
in  the  book  is  original,  having  been  made  by  the  author.    Every  page  is  full  of  interest  and 
value.     A    book  which    you  cannot  afford  to   be  without.     275  pages,  152  specially  made 
engravings.     Price $1.50 


22       THE    NORMAN    W.    HENLEY    PUBLISHING    CO. 

^mm^  -^  11       I    111     1  I  I   I  I  11        ■■       ■  I    ■    I    I    ■     I  n  ■ 

Gas  Engine  Construction,  or  How  to  BuUd  a  Half-horsepower  Gas  Engine. 

By  Parsell  and  Weed. 

A  practical  treatise  of  300  pages  describing  the  theory^  and  principles  of  the  action  of  Gas 
'  Engines  of  various  types  and  the  design  and  con8tl:llction  of  a  halt-horsepower  Gas  Engine* 
with  illustrations  of  the  work  in  actual  progress,  together  with  the  dimensioned  worlcing  draw- 
ings, giving  clearly  the  sizes  of  the  various  details:  for  the  student,  the  scientific  investigator, 
and  the  amateur  meehanic.  This  book  treats  of  the  subject  more  from  the  standpoint  of 
practice  than  that  of  theory.  The  principles  of  operation,, of  pas  Engines  are  clearly  and 
simply  described,  and  then  the  actual  construction  of  a  half-horsepower  engine  is  taken  up, 
step  by  step,  showing  in  detail  the  maldng  of  the  Gas  Engine.  3rd  Edition.  300  imges 
Pnce ..  .   ; , $2.50 

How  to  Bun  and  Install  Two-  and  four-CFcle  Marine  Gasoline  Engines. 

By  G.  Von  Culin. 

Revised  and  enlarged  edition  just  issued.  The  object  of  thu  little  book  is  to  furnish  a  pocket 
instructor  for  the  beginner,  the  busy  man  who  uses  an  engine  for  pleadure  or  profit,  but  who 
does  not  have  the  time  or  inclination  for  a  technical  book,  but  simply  to  thoroughly  under- 
stand how  to  properly  operate,  install  and  care  for  his  own  engine.  The  index  refers  to  each 
trouble,  remedy,  and  subject  alphabetically.  Being  a  quick  reference  to  find  the  cause,  remedy 
and  prevention  for  troubles,  and  to  become  an  expert  with  his  own  engine.  Pocket  sise. 
Paper  binding.    Price ^  CentS 

9Iodem  Gas  Engines  and  Producer  Gas  Plants.    By  R.  E.  Mathot. 

A  guide  for  the  gas  engine  desi£;ner,  user,  and  engineer  in  the  construction,  selection,  purchase, 
installation,  operation,  and  maintenance  of  gas  engines.-  -  More  than  one  book  on  gas  engines 
has  been  written,  but  not  oiie  has  thus  far  even  encroached  on  the  field  covered  by  this  book. 
Above  all,  Mr.  Mathot's  work  is  a  practical  guide.  Recognizing  the  need  of  a  volume  that 
would  assist  the  gas  cnrine  user  in  understanding  thoroughly  the  motor  upon  which  he  depends 
for  power,  the  author  has  discussed  his  subject  without  the  help  of  any  mathematics  and  with- 
out elaborate  theoretical  explaliations.  Every  part  of  the  gas  engine  is  described  in  detail, 
tersely,  clearly,  with  a  thorough  understanding  of  the  requirements  of  the  mechanic.  Help^ 
ful  suggestions  as  to  the  purchase  of  an  engine,  its  installation,  care,  and  operation,  form  a 
most  valuable  feature  of  the  work.     320  pages,  175  detailed  illustrations.    Price  .    .   .  $Z»50 

The  Modem  Gas  Tractor.    By  Victor  W.  Pag£,  M.E. 

A  complete  treatise  describing  all  types  and  sixes  of  gasoline,  kerosene  and  oil  tractors.^  Con- 
.  siders  design  and  construction  exhaustively,  gives  complete  instructions  for  care,  operation  and 
repair,  outlines  all  practical  applications  on  the  road  and  in  the  field.  The  best  and  latest 
work  on  farm  tractors  and  tractor  power  plants.  A  work  needed  by  farmers,  students,  black- 
smiths, mechanics,  salesmen,  implement  dealers,  designers  and  engineers.  2nd  Edition,  Re- 
vised.    504  pages,  228  illustrations,  3  folding  plates.     Price $^«00 

GEABING  AND  CAMS 

Cliange  Gear  Devices.    By  Oscar  E.  Perrigo. 

A  practical  book  for  every  designer,  draftsman,  and  mechanic  interested  in  the  invention  and 
development  of  the  devices  for  feed  changes  on  the  different  machines  requiring  such  mechanism. 
All  the  necessary  information  on  this  subject  is  taken  up,  analyzed,  classified,  sifted,  and  con- 
centrated for  the  use  of  busy  men  who  have  not  the  time  to  go  through  the  masses  of  irrelevant 
matter  with  which  such  a  subject  is  usually  encumbered  and  select  sdch  information  as  will 
be  useful  to  them. 

It  shows  pust  what  has  been  done,  how  it  has  been  done,  when  it  was  done,  and  who  did  it. 
It  saves  time  in  hunting  up  patent  records  and  re-inventing  old  ideas.  88  pages.  3rd  Edition. 
Price $1.00 


l>raftlng  of  Cams.    By  Louis  Rouillion. 

The  laying  out  of  cams  is  a  serious  problem  unle 
you  on  the  right  road  for  practically  any  kind  < 
Edition.     Price 25  CCntS 


The  laying  out  of  cams  is  a  serious  problem  unless  you  know  how  to  go  at  it  right.     This  puts 
you  on  the  right  road  for  practically  any  kind  of  cam  you  are  likely  to  run  up  against.     3rd 
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Bevel  Gear  Tables.*   By  D.  Aq.  Engstrom. 

A  book  that  will  at  once  commend  itself  to  mechanics  and  draftsmen.  Does  away  with  al) 
the  trigonometry  and  fanc^  figuring  on  bevel  gears,  and  makes  it  easy  for  anyone  to  lay  them 
out  or  make  them  just  right.  There  are  36  full-page  tables  that  show  every  necessary  dimen- 
sion for  all  sises  or  combinations  you're  apt  to  need.  No  puzzling,  figuring  or  guessing.  Gives 
placing  distance,  all  the  angles  (including  cutting  angles),  and  the  correct  cutter  to  use.  A 
copy  of  this  prepeires  you  for  anything  in  the  bevel-gear  line.  3rd  Edition.  66  pages. 
Price $1.04 


HYDRAULICS 

Hydraulle  Engineering.    By  Gardner  D.  Hiscox:. 

A  treatise  on  the  properties,  power,  and  resources  of  water  for  all  purposes.  Including  the 
measurement  of  streams,  the  flow  of  water  in  pipes  or  conduits;  the  horsepower  of  falling  water, 
turbine  and  impact  water-wheels,  wave  motors,  centrifugal,  reciprocating  and  air-lift  pumps. 
With  3CK)  figures  and  diagrams  and  36  practical  tables.  AH  who  are  interested  in  water-works 
development  will  find  this  book  a  useful  one,  because  it  is  an  entirely  practical  treatise  upon 
a  subject  of  present  importance  and  cannot  fail  in  having  a  far-reaching  influence,  and  for  this 
reason  should  have  a  place  in  the  working  library  of  every  engineer.  Among  the  subjects 
treated  are:  Historical  Hydraulics;  Properties  of  Water;  Measurement  of  the  Flow  of  Streams; 
Flow  from  Sub-surtace  Orifices  and  Nozzles;  Flow  of  Water  in  Pipes;  Siphons  of  Various 
Kinds;  Dams  and  Great  Storage  Reservoirs;  City  and  Town  Water  Supply;  Wells  and  Their 
Reinforcement;  Air-lift  Methods  of  Raising  Water;  Artesian  Wells;  Irrigation  of  Arid  Dis- 
tricts; Water  Power;  Water  Wheels;  Pumps  and  Pumping  Machinery;  Reciprocating  Pumps; 
Hydraulic  Power  Transmission;  Hydraulic  Mining;  Canals;  Ditches;  Conduits-  and  Pipe 
Lmes;  Marine  Hydraulics;  Tidal  and  Sea  Wave  Power,  etc.     320  pages.     Price  .    .    .  ^,0(1 


ICE  AND  BEFBIGERATION 

Pocketbook  of  Refrigeration  and  Ice  Making.    By  A.  J.  Wallis-Taylor. 

This  is  one  of  the  latest  and  most  comprehensive  reference  books  published  on  the  subject  of 
refrigeration  and  cold  storage.  It  explains  the  properties  and  refrigerating  effect  of  the  dif- 
ferent fluids  in  use,  the  management  of  refrigerating  machinery  and  the  construction  and  insu- 
lation of  cold  rooms  with  their  required  pipe  suriace  for  different  degrees  of  cold;  freezing 
mixtures  and  non-freezing  brines,  temperatures  of  cold  rooms  for  all  kinds  of  provisions,  cold 
storage  charges  for  all  classes  of  goods,  ice  making  and  storage  of  ice,  data  and  memoranda 
for  constant  reference  by  refrigerating  engineers,  with  nearly  one  hundred  tables  containing 
valuable  references  to  every  fact  and  condition  required  in  the  installment  and  operation  of  a 
refrigerating  plant.     New  edition  just  published.     Price $1.50 


INVENTIOXS— PATENTS 

Inventors'  Manual:   How  to  Make  a  Patent  Pay. 

This  is  a  book  designed  as  a  guide  to  inventors  in  perfecting  their  inventions,  taking  out  their 
patents  and  disposing  of  them.  It  ts  not  in  any  sense  a  Patent  Solicitor's  Circular  nor  a  Patent 
Broker's  Advertisement.  No  advertisements  of  any  description  appear  in  the  work.  It  is  a 
book  containing  a  quarter  of  a  century's  experience  of  a  successful  inventor,  together  with 
notes  based  upon  the  experience  of  many  other  inventors. 

Among  the  subjects  treated  in  this  work  are:  How  to  Invent.  How  to  Secure  a  Good  Patent. 
Value  of  Good  Invention.  How  to  Exhibit  an  Invention.  How  to  Interest  Capital.  How 
to  Estimate  the  Value  of  a  Patent.  Value  of  Design  Patents.  Value  of  Foreign  Patents. 
Value  of  Small  Inventions.  Advice  on  Selling  Patents.  Advice  on  the  Formation  of  Stock 
Companies.  Advice  on  the  Formation  of  Limited  Liability  Companies.  Adviqe  on  Disposing 
of  Old  Patents.  Advice  as  to  Patent  Attorneys.  Advice  as  to  Selling  Agents.  Forms  of 
Assignments.  License  and  Contracts.  State  Laws  Concerning  Patent  Ricjhts.  1900  Census 
of  the  United  States  by  Counts  of  Over  10,000  Population.  Revised  Edition.  120  pages. 
Price $1.00 
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KNOTS 

Knots,  Splices  and  Rope  Work*    By  A.  Hyatt  Verrill. 

This  is  a  practical  book  giving  complete  and  simple  directions  for  making  all  the  most  useful 
and  ornamental  knots  in  common  use,  with  chai>ters  on  Splicing,  Pointing,  Seizing,  Serving, 
etc.  This  book  is  fully  illustrated  with  154  original  engravings,  which  show  how  each  knot» 
tie  or  splice  is  formed,  and  its  appearance  when  finished.  The  book  will  be  found  of  the  greatest 
value  to  Campers,  Yachtsmen,  Travelers,  Boy  Scouts,  in  fact,  to  anyone  having  occasion  to 
use  or  handle  roi>e  or  knots  for  any  purpose.  The  book  is  thoroughly  reliable  and  practical, 
and  is  not  only  a  guide,  but  a  teacher.  It  is  the  standard  work  on  the  subject.  Among  the 
contents  are:  1.  Cordage,  Kinds  of  Rope.  Construction  of  Rope,  Parts  of  Rope  Cable  and 
Bolt  Rope.  Strength  of  Roi>e,  Weight  of  Rope.  2.  Simple  Knots  and  Bends.  Terms  Used 
in  Handling  Rope.  Seizing  Rope.  3.  Ties  and  Hitches.  4.  Noose,  Loops  and  Mooring 
Knots.  5.  Shortenings,  Grommets  and  Salvages.  6.  Lashings,  Seizings  and  Splices.  7. 
Fancy  Knots  and  Rope  Work.     128  pages,  150  original  engravings.     2nd  Revised  Edition. 

Price 75  cents 

LATHE  WORK 

Liitlie  Design,  Construction,  and  Operation,  witli  Practical  Examples  of 
Lathe  Work.    By  Oscar  E.  Perrigo. 

A  new,  revised  edition,  and  the  only  complete  American  work  on  the  subject,  written  by  a 
man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how  to  do  it,  and 
Low  to  convey  this  knowledge  to  others.  It  is  strictly  up-to-date  in  its  descriptions  and 
illustrations.  Lathe  history  and  the  relations  of  the  lathe  to  manufacturing  are  given; 
also  a  description  of  the  various  devices  for  feeds  and  thread-cutting  mechanisms  from  early 
efforts  in  this  direction  to  the  present  time.^  Lathe  design  is  thoroughly/-  discussed,  includ- 
ing back  gearing,  driving  cones,  thread-cutting  gears,  and  all  the  essential^  elements  of  the 
modern  lathe.  The  classification  of  lathes  is  taken  up,  giving  the  essential  differences  of 
the  several  tjrpes  of  lathes  including,  as  is  usually  understood,  engine  lathes,  bench  lathes* 
speed  lathes,  forge  lathes,  ^ap  lathes,  pulley  lathes,  forming  lathes,  multiple-spindle  lathes, 
rapid-reduction  lathes,  precision  lathes,  turret  lathes,  special  lathes,  electrically  driven  lathes, 
etc.  In  addition  to  the  complete  exposition  on  construction  and  design,  much  practical 
matter  on  lathe  installation,  care  and  operation  has  been  incorporated  in  the  enlarged  new 
•edition.  All  kinds  of  lathe  attachments  for  drilling,  milling,  etc.,  are  described  and  com- 
.plete  instructions  are  given  to  enable  the  novice  machinist  to  grasp  the  art  of  lathe  operation 
as  well  as  the  principles  involved  in  design.  A  number  of  difficult  machining  operations 
are  described  at  length  and  illustrated.  The  new  edition  has  nearly  500  pages  and  350  illus- 
trations.    Price $Z»$0 

WHAT  IS  SAID  OF  THIS  BOOK: 

'I  This  is  a  lathe  book  from  beginning  to  end,  and  is  just  the  kind  of  a  book  which  one  de- 
lights to  consult — a-  masterly  treatment  of  the  subject  in  hand." — Engineering  News. 
"This  work  will  be  of  exceptional  interest  to  any  one  who  is  interested  in  lathe  practice,  as 
one  very  seldom  sees  such  a  complete  treatise  on  a  subject  as  this  is  on  the  lathe."— Cana- 
dian M(ichinery. 

Practical  Metal  Turning.    By  Joseph  G.  Horner. 

A  work  of  404  pages,  fully  illustrated,  covering  in  a  comprehensive  manner  the  modem  prac- 
tice of  machining  metal  ^arts  in  the  lathe,  including  the  regular  engine  lathe,  its  essential 
design,  its  uses,  its  tools,  its  attachments,  and  the  manner  of  holding  the  work  and  perform- 
ing the  operations.  The  modernized  engine  lathe,  its  methods,  tools  and  great  range  of  accu- 
rate work.  The  turret  lathe,  its  tools,  accessories  and  methods  of  performing  its  functions. 
Chapters  on  special  work,  grinding,  tool  holders,  speeds,  feeds,  modern  tool  steels,  etc. 
Second  edition ^.50 

Turning  and  Boring  Tapers.    By  Fred  H.  Colvust. 

There  are  two  ways  to  turn  tapers;  the  right  way  and  one  other.  This  treatise  has  to  do 
with  the  right  way;  it  tells  you  how  to  start  the  work  properly,  how  to  set  the  lathe,  what 
tools  to  use  and  how  to  use  them,  and  forty  and  one  other  little  things  that  you  should  know. 
Fourth  edition 35    CeiltS 
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LIQUID  Am 

liquid  Air  and  the  Llqaefactlon  of  Gases*    By  T.  O'Conob  Sloanb. 

This  book  gives  the  history  of  the  theory,  discovery  and  manufacture  of  Liquid  Air,  and 

contains  an  illustrated  description  of  all  the  experiments  that  have  excited  the  wonder  of 

audiences  all  over  the  country.      It  shows  how  liquid  air,  like  water,  is  carried  hundreds  of 

miles  and  is  handled  in  open  buckets.      It  tells  what  may  be  expected  from  it  in  the  near 

future. 

A  book  that  renders  simple  one  of  the  most  perplexing  chemical  problems  of  the  century. 

Startling  developments  illustrated  by  actual  experiments. 

It  is  not  only  a  work  of  scientific  interest- and  authority,  but  is  intended  for  the  general  reader, 

being  written  in  a  popular  s^e — easily  understood  by  every  one.      Second  edition.     365 

pages.    Price ^» 

LOCOMOTIVE  ENGINEERING 


Alr-Brake  Catechism.    By  Robert  H.  Blackall. 

This  book  is  a  standard  text-book.  It  covers  the  Westinghouse  Air-Brake  Equipment, 
including  the  No.  5  and  the  No.  6  E.-T.  Locomotive  Brake  Equipment;  the  K  (Quick  Ser- 
vice) Triple  Valve  for  Frei|;ht  Service;  and  the  Cross-Compound  Pump.  The  operation  of 
all  parts  of  the  apparatus  is  explained  in  detail,  and  a  practical  way  of  finding  their  pecu- 
liarities and  defects,  with^  a  proper  remedy,  is  given.  It  contains  2,000  questions  with  their 
answers,  which  will  enable  any  railroad  man  to  pass  any  examination  on  the  subject  of 
Air  Brakes.  Endorsed  and  used  by  air-brake  instructors  and  examiners  on  nearly  eveiv 
railroad  in  the  United  States.  Twenty-sixth  edition.  411  pages,  fully  illustrated  with 
colored  plates  and  diagrams.     Price $!3»00 

American  Compound  Locomotives.    By  Fred  H.  Colvin. 

The  only  book  on  compounds  for  the  engineman  or  shopman  that  shows  in  a  plain,  prac- 
tical way  the  various  features  of  compound  locomotives  in  use.  Shows  how  they  are  made, 
what  to  do  when  they  break  down  or  oalk.  Contains  sections  as  follows:  A  Bit  of  History. 
Theory  of  Compounding  Steam  Cylinders.  Baldwin  Two-Cylinder  Compound.  Pittsburg 
Two-Cylinder  Compound.     Rhose  Island  Compound.    Richmond  Compound.     Rogers  Com- 

S^und.  Schenectady  Two-Cylinder  Compound.  Vauclain  Compound.  Tandem  Compounds, 
aldwin  Tandem.  The  Colvin-Wightman  Tandem.  Schenectady  Tandem.  Balanced 
Locomotives.  Baldwin  Balanced  Compound.  Plans  for  Balancing.  Locating  Blows. 
Breakdowns.  Reducing  Valves.  Drifting.  Valve  Motion.  Disconnecting.  Power  of  Com- 
pound Locomotives.    Practical  Notes. 

Fully  illustrated  and  containing  ten  special  "Duotone"  inserts  on  heavy  Plate  Paper,  show- 
ing different  tjrpes  of  Compounds.     142  pages.    Price $1*00 

Application  of  Higliiy  Superheated  Steam  to  Locomotives.    By  Robert 
Garbe.  .  . 

A  practical  book  which  cannot  be  recommended  too  highly  to  those  motiv&-power  men  who 
are  anxious  to  maintain  the  highest  efficiency  in  their  locomotives.  Contains  special  chap- 
ters on  Generation  of  Highly  Superheated  Steam;  Superheated  Steam  and  the  Two-Cylinder 
Simple  Engine;  Compounding  and  Superheating;  Designs  of  Locomotive  Superheaters: 
Constructive  Details  of  Locomotives  Using  Highly  Superheated  Steam.  Experimental  and 
Working  Results.    Illustrated  with  folding  plates  and  tables.    Cloth.     Price  ....     $2*50 

Combustion  of  Coal  and  tlie  Prevention  of  Smolce.    By  Wm.  M.  Barr. 

This  book  has  been  prepared  with  special  reference  to  the  generation  of  heat  by  the  com- 
bustion of  the  common  fuels  found  in  the  United  States  and  deals  particularly  with  th« 
conditions  necessary  to  the  economic  and  smokeless  combustion  of  bituminous  coal  in  Sta- 
tionary and  Locomotive  Steam  Boilers. 

Presentation  of  this  important  subject  is  systematic  and  progressive.  The  arrangement  of 
the  book  is  in  a  series  of  practical  questions  to  which  are  appended  accurate  answers,  which 
describe  in  language  free  from  technicalities  the  several  processes  involved  in  the  furnace 
combustion  of  American  fuels;  it  clearly  states  the  essential  requisites  for  perfect  combus- 
tion, and  points  out  the  best  methods  of  furnace  construction  for  obtaining  the  greatest 
quantity  of  heat  from  any  given  quality  of  coal.  Nearly  350  pages,  fully  illustrated 
Pnce Sl.O* 
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Diary  of  a  Round-House  Foreman.    By  T.  S.  Keilly. 

This  is  the  greatest  book  of  railroad  experiences  ever  published.  Containing  a  fund -of  in* 
formation  and  suggestions  along  the  line  of  handling  men,  organizing,  etc.,  that  one  cannot 
a£Ford  to  miss.     176  pages.     Price $1.00 


link  Motions,  Valves  and  Valve  Setting.    By  Fbed  H.  Colvin,  Associate  Editor 
of  "American  Machinist." 

A  handy  book  for  the  engineer  or  machinist  that  clears  up  the  mysteriec'of  valve  setting. 
Shows  the  different  valve  gears  in  use,  how  they  work,  and  why.  Piston  and  slide  valves 
of'  different  types  are  illustrated  and  explained.  ^  A  book  that  every  railroad  man  in  th» 
motive-power  department  ought  to  have.  Contains  chapters  on  Locomotive  Link  Motion, 
Valve  Movements,  Setting  Slide  Valves,  Analysis  by  Diagrams,  Modern  Practice,  Slip  of 
Block,  Slice  Valves,  Piston  Valves,  Setting  Piston  Valves,  Joy-Allen  Valve  Gear,  Walschaert 
Valve  Gear,  Gooch  Valve  Gear,  Alfree-Hubbell  Valve  Gear,  etc.,  etc.      Fully  illustrated. 

i*rice 50  cents 


Locomotive  Boiler  Construction.    By  Frank  A.  Kleinhans. 

The  construction  of  boilers  in  general  is  treated  and,  following  this,  the  locomotive  boiler 
.  is  taken  up  in  the  order  in  which  its  various  parts  go  through  the  shop.  Shows  all  types 
of  boilers  used;  gives  details  of  construction;  practical  facts,  such  as  life  of  riveting,  punches 
and  dies;  work  done  per  day,  allowance  for  bending  and  flanging  sheets  and  other  data. 
Including  the  recent  Locomotive  Boiler  Inspection  Laws  and  Examination  Questions  with 
their  answers  for  Government  Inspectors.  Contains  chapters  on  Laying-Out  Work;  Flang- 
ing and  Forging;  Punching;  Shearing;  Plate  Planing;  General  Tables;  Finishing  Parts; 
Bending;  Machinery  Parts;  Riveting;  Boiler  Details;  Smoke-Box  Details;  Assembling 
and  Calking;   Boiler-Shop  Machinery,  etc.,  etc. 

There  isn't  a  man  who  has  anything  to  do  with  boiler  work,  either  new  or  repair  work,  who 
doesn't  need  this  book.  The  manufacturer,  superintendent,  foreman  and  boiler  worker — 
all  need  it.  No  matter  what  the  type  of  bioler,  you'll  find  a  mint  of  information  that  you 
wouldn't  be  without.     Over  400  pages,  five  large  folding  plates.    Price $3*00 


Locomotive  Breakdowns  and  their  Remedies.  By  Geo.  L.  Fowler.  B^ 
vised  by  Wm.  W.  Wood,  Air-Brake  Instructor.  Just  issued.  Revised  pocket 
edition. 

It  is  out  of  the  question- to  try  and  tell  you  about  every  subject  that  is  covered  in  this  pocket 
edition  of  Locomotive  Breakdowns.  Just  imagine  all  the  common  troubles  that  an  engineer 
may  expect  to  happen  some  time,  and  then  add  all  of  the  unexpected  ones,  troubles  that  could 
occur,  but  that  you  have  never  thought  about,  and  you  will  find  that  they  are  all  treated  with 
the  very  best  methods  of  repair.  Walschaert  Locomotive  Valve  Gear  Troubles,  Electric 
Headlight  Troubles,  as  well  as  Questions  and  Answers  on  the  Air  Brake  are  all  included.  312 
pages.     8th  Revised  Edition.     Fully  illustrated.     Price $1*00 


Locomotive  Catechism.    By  Robert  Grimshaw. 

The  revised  edition  of  "Locomotive  Catechism,"  by  Robert  Grimshaw,  is  a  New  Book  from 
Cover  to  Cover.  It  contains  twice  as  many  pages  and  double  the  number  of  illustrations  of 
previous  editions.  Includes  the  greatest  amount  of  practical  information  ever  published  on 
the  construction  and  management  of  modern  locomotives.  Specially  Prepared  Chapters  on 
the  Walschaert  Locomotive  valve  Gear,  the  Air-Brake  Equipment  and  the  Electric  Headlight 
are  given. 

It  commends  itself  at  once  to  every  Engineer  and  Fireman,  and  to  all  who  are  going  in  for 
examination  or  promotion.  In  plain  language,  with  full,  complete  answers,  not  only  all  the 
questions  asked  by  the  examining  engineer  are  given,  but  those  which  the  young  and  less 
experienced  would  ask  the  veteran,  and  which  old  hands  ask  as  "stickers."  It  is  a  veritable 
Encyclopedia  of  the  Locomotive,  is  entirely  free  from  mathematics,  easily  understood  and 
thoroughly  up  to  date.  Contains  over  4,()00  Examination  Questions  with  their  Answers. 
825  pages,  437  illustrations,  and  3  folding  plates.    2Sth  Revised  Edition.    Price  .    .    .    f;S,50 
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Praetlcal  Instructor  and  Reference  Book  for  Locomotive  FtremMi  aaii 
Engineers.    By  Chas.  F.  Lockhabt. 

An  entirely  new  book  on  the  LoGomotive.  It  appeals  to  every  rmilroad  man,  as  it  tells  hua 
how  things  are  done  and  the  rijsht  way  to  do  them.  Written  by  a  man  who  has  had  yeara  oi 
practical  experience  in  locomotive  shops  and  on  the  road  firing  and  running.  The  information 
given  in  this  book  cannot  be  found  in  any  other  similar  treatise.  Eight  hundred  and  fifty-ooe 
questions  with  their  answers  are  included,  which  will  prove  speeially  helpful  to  those  preparim^ 
for  examination.  Practical  information  on:  The  Construction  and  Operation  of  Locomotives, 
Breakdowns  and  their  Remedies,  Air  Brakes  and  Valve  Gears.  Rules  and  Signals  are  handled 
in  a  thorough  manner.  As  a  book  of  reference  it  cannot  be  excelled.  The  book  is  divided 
into  six  parts,  as  follows:  1.  The  Fireman's  Duties.  2.  General  Description  of  the  Locomotive. 
3.  Breakdowns  and  their  Remedies.  4.  Air  Brakes.  5.  Extracts  from  Standard  Rudes. 
6.  Questions  for  Examination.  The  851  questions  hav^  been  carefully  selected  and  arranged. 
These  cover  the  examinations  required  by  the  different  railroads.  368  pages,  88  illustrations. 
Price   H  .50 

Prevention  of  Railroad  Accidents,  or  Safety  in  Railroading.    By  Georgb 
Bradshaw. 

This  book  is  a  heart-to-heart  talk  with  Railroad  Employees,  dealing  with  facts,  not  theories, 
and  showing  the  men  in  the  ranks,  from  every-day  experience,  how  accidents  occur  and  how 
they  may  be  avoided.  The  book  is  illustrated  with  seventy  original  photographs  and  drawings 
showing  the  safe  and  unsafe  methods  of  work.  No  visionar^r  scnemes,  no  ideal  pictures. 
Just  Plain  Facts  and  Practical  Suggestions  are  given.  Every  railroad  employee  who  reads  the 
book  is  a  better  and  safer  man  to  have  in  railroad  service.  It  gives  just  the  information  which 
will  be  the  means  of  preventing  many  injuries  and  deaths.  All  railroad  employees  should 
procure  a  copy,  read  it,  and  do  their  part  m  preventing  accidents.  169  pages.  Pocket  sise. 
Fully  illustrated.     Price ^  CCntS 

Train  Rule  Examinations  Made  Easy.    By  G.  E.  Collingwood. 

This  is  the  only  practical  work  on  train  rules  in  print.  Ever^  detail  is  covered,  and  pussling 
points  are  explained  in  simple,  comprehensive  language,  makmg  it  a  practical  treatise  for  the 
Train  Dispatcher,  Engineman,  Trainman,  and  all  others  who  have  to  do  with  the  movements 
of  trains.  Contains  complete  and  reliable  information  of  the  Standard  Code  of  Train  Rules 
for  single  track.  Shows  Signals  in  Colors,  as  used  on  the  different  roads.  Explains  fully  the 
practical  application  of  tram  orders,  giving  a  clear  and  definite  understanding  of  all  orders 
which  may  oe  used.  The  meaning  and  necessity  for  certain  rules  are  explained  in  such  a 
manner  that  the  student  may  know  beyond  a  doubt  the  rights  conferred  under  any  orders  he 
may  receive  or  the  action  required  by  certain  rules.  As  nearly  all  roads  require  trainmen  to 
pass  regular  examinations,  a  complete  set  of  examination  questions,  with  their  answers,  are 
mcluded.  These  will  enable  the  student  to  pass  the  required  examinations  with  credit  to 
himself  and  the  road  for  which  he  works.  2nd  Edition,  Revised.  256  pages,  fully  illustrated, 
with  Train  Signals  in  Colors.     Price $l«2ft 

The  Walscliaert  and  Otlier  Modern  Radial  Valve  Gears  for  Locomotives. 

By  Wm.  W.  Wood. 

If  you  would  thoroughly  understand  the  Walschaert  Valve  Gear  you  should  possess  a  copy 
of  this  book,  as  the  author  takes  the  plainest  form  of  a  steam  engine — a  stationary  engine  in 
the  rough,  that  will  only  turn  its  crank  in  one  direction — and  from  it  builds  up,  with  the  read- 
er's helo,  a  modern  locomotive  equipped  with  the  Walschaert  Valve  Gear,  complete.  The 
points  discussed  are  clearly  illustrated:  ,Two  large  folding  plates  that  show  the  positions  of 
the  valves  of  both  inside  or  outside  admission  type,  as  well  as  the  links  and  other  parts  of  the 
pear  when  the  crank  is  at  nine  diflFerent  points  in  its  revolution,  are  especially  valuable  in  mak- 
ing the  movement  clear.  These  employ  sliding  cardboard  models  which  are  contained  in  a 
pocket  in  the  cover. 

The  book  is  divided  into  five  general  divisions,  as  follows:  1.  Analysis  of  the  gear.  2.  De- 
signing and  erecting  the  gear.  3.  Advantages  of  the  gear.  4.  Questions  and  answers  relating 
to  the  Walschaert  Valve  Gear.  5.  Setting  valves  with  the  Walschaert  Valve  Gear;  the  three 
primary  types  of  locomotive  valve  motion ;  modern  radial  valve  gears  other  than  the  Wal- 
schaert ;  the  Hobart  All-free  Valve  and  Valve  Gear,  with  Questions  and  answers  on  breakdowns: 
the  Baker-Pilliod  Valve  Gear;  the  Improved  Baker-Piliiod  Valve  Gear,  with  questions  ana 
answers  on  breakdowns. 

The  questions  with  full  answers  given  will  be  especially  valuable  to  firemen  and  engineers  in 
preparing  for  an  examination  for  promotion.     245  pages,    3i^  ileYisod  Sdi^R.     PriQQ   Sl«50 
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Westinghouse  E-T  Air-Brake  Instruction  Pocket  Book.    By  Wu.  W.  Wood, 
Air-Brake  Instructor. 

Here  is  a  book  for  the  railroad  man,  and  the  man  who  aims  to  be  one.  It  is  without  doubt 
the  only  complete  work  published  on  the  Westin(shou8e  Er-T  Locomotive  Brake  Equipment. 
Written  by  an  Air-Brake  Instructor  who  knows  just  what  is  needed.  It  covers  the  subject 
thoroughly.  Everything  about  the  New  Westinghouse  Engine  and  Tender  Brake  Equip- 
ment, including  the  standard  No.  5  and  the  Perfected  No.  6  style  of  brake,  is  treated  in  detail. 
Written  in  plain  English  and  profusely  illustrated  with  Colored  Plates,  which  enable  one  to 
trace  the  flow  of  pressures  throughout  the  entire  equipment.  The  best  book  ever  published 
on  the  Air  Brake.  Equally  good  for  the  beginner  and  the  advanced  engineer.  Will  pass  any 
one  through  any  ezammatiqn.  It  informs  and  enlightens  you  on  every  point.  Indic^ensable 
to  every  engineman  and  trainman. 

Contains  examination  questions  and  answers  on  the  "E-T  equipment.  Covering  what  the  £-T 
Brake  is.  How  it  should  be  operated.  What  to  do  when  defective.  Not  a  question  can  be 
asked  of  the  engineman  up  for  promotion,  on  either  the  No.  5  or  the  No.  6  E-T  equipment, 
that  is  not  asked  and  answered  in  the  book.  If  you  want  to  thoroughly  understand  the  E^T 
equipment  get  a  copy  of  this  book.  It  covers  every  detail.  Makes  Air-Brake  troubles  and 
examinations  easy.     Price $1*50 


MACHINE-SHOP  PRACTICE 

American  Tool  Making  and  Interchangeable  Manufacturing.    By  J.  V. 

WOODWORTH. 

A  "shoppy"  book,  containing  no  theorizing,  no  problematical  or  experimental  devices.  There 
are  no  badly  proportioned  and  impossible  diagrams,  no  catalogue  cuts,  but  a  valuable  collec- 
tion of  drawings  and  descriptions  of  devices,  the  rich  fruits  of  the  author's  own  experience. 
In  its  500-odd  pages  the  one  subject  (Ally,  Tool  Making,  and  whatever  relates  thereto,  is  dealt 
with.  The  work  stands  without  a  rival.  It  is  a  complete,  practical  treatise,  on  the  art  of 
American  Tool  Making  and  system  of  interchangeable  manufacturing  as  carried  on  to-day  in 
the  United  States.  In  it  are  described  and  illustrated  all  of  the  difiFerent  types  and  classes  of 
small  tools,  fixtures,  devices,  and  special  appliances  which  are  in  general  use  in  all  machine- 
manufacturing  and  metal-worldng  establishments  where  economy,  capacity,  and  interchange- 
ability  in  the  production  of  machmed  metal  p^rts  are  imperative.  .The  science  of  jig  making 
is  exhaustively  discussed,  and  particular  attention  is  paid  to  drill  Jigs,  boring,  profiling  and 
milling  fixtures  and  other  devices  in  which  the  parts  to  be  machined  are  located  and  fastened 
within  the  contrivances.  All  of  the  tools,  fixtures,  and  devices  illustrated  and  described  have 
been  or  are  used  for  the  actual  production  of  work,  such  as  parts  of  drill  presses,  lathes,  patented 
machinery,  typewriters,  electrical  apparatus,  mechanical  appliances,  brass  goods,  composition 
parts,  mould  products,  sheet-metal  articles,  drop-forgings,  jewelry,  watches,  medals,  coins,  etc. 
531  pages.     Price ^j 


HENLEY'S  ENCYCLOPEDIA  OF  PRACTICAL  ENGINEERING  AND  ALLIED 
TRADES.    Edited  by  Joseph  G.  Horner,  A.M.I.,  M.E. 

This  set  of  five  volumes  contains  about  2,500  pages  wiUi  thousands  of  illustrations,  including' 
diagrammatic  and  sectional  drawings  with  full  explanatory  details.  This  work  covers  the 
entire  practice  of  Civil  and  Mechanical  Engineering.  The  best  known  experts  in  all  branches 
of  engineering  have  contributed  to  these  volumes.  The  Cyclopedia  is  admirably  well  adapted 
to  the  needs  of  the  beginner  and  the  self-taught  practical  man,  as  well  as  the  mechanical 
engineer,  designer,  draftsman,  shop  superintendent,  foreman,  and  machinist.  The  work  will 
be  found  a  means  of  advancement  to  any  progressive  man.  It  is  encyclopedic  in  scope,  thor- 
ough and  practical  in  its  treatment  on  technical  subjects,  simple  and  clear  in  its  descriptive 
matter,  and  without  unnecessary  technicalities  or  formulee.  Tift  articles  are  as  brief  as  may 
be  and  yet  give  a  reasonably  clear  and  explicit  statement  of  the  subject,  and  are  written  by 
men  who  have  had  ample  practical  experience  in  the  matters  of  which  they  write.  It  telte 
you  all  you  want  to  know  about  engineering  and  tells  it  so  simply,  so  clearly,  so  concisely,  that 
one  cannot  help  but  understand.  As  a  work  of  reference  it  is  without  a  peer.  Complete 
set  of  five  volumes,  price $i35»00 


Threads  and  Thread  Cutting,    By  Colvin  and  Stabel. 

This  clears  up  many  of  the  mysteries  of  thread-cutting,  such  as  double  and  triple  threads, 
internal  threads,  catchino;  threads,  use  of  hobs,  etc.  Contains  a  lot  of  useful  hints  and  several 
tables.     Third  edition. .    Price Jg5  CeutS 
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THE  WHOLE  FIELD  OF  MECHANICAL  MOVEMENTS 
COVERED  BT  MB.  HISCOX'S  TWO  BOOKS 

We  pubHah  tvto  hooka  by  Oardner  D.  Hiacox  that  toill  keep  you  from  "inventing"  things  that  hav€ 
been  done  before,  and  auggeat  tpaya  of  doing  thinga  that  you  have  not  thov^fht  of  before.  Many  a 
man  apenda  time  and  money  pondering  over  aome  mechanical  problem^  only  to  learn,  after  he 
haa  aolved  the  problem,  that  the  aame  thing  has  been  accompliahed  and  put  in  practice  by  others 
long  before.  Time  and  money  apent  in  an  effort  to  accompliah  what  fiaa  cuready  been  accompliahed 
are  time  and  money  LOST.  The  whole  field  of  mechanica,  every  known  mechanical  movement, 
and  practically  every  device  are  covered  by  theae  two  booka.  If  the  thing  you  want  haa  been  invented, 
U  ia  illuatrated  in  them.  If  it  hcum't  been  invented,  then  you'll  find  in  them  the  neareat  thing» 
to  what  you  toant,  aome  movementa  or  devicea  that  trill  apply  in  your  caae,  verhapa;  or  which 
trill  give  you  a  key  from  which  to  work.  No  hook  or  aet  of  hooka  ever  puhlianed  ia  of  more  real 
value  to  the  Inventor,  Draftsman,  or  practical  Mechanic  ihan  the  two  volumea  described  below. 


Mechanical  Movements,  Powers,  and  Devices.    By  Gardner  D.  Hiscox. 

This  is  a  collection  of  1,800  engravings  of  di£Ferent  mechanical  motions  and  appliances,  ao- 
companied  by  appropriate  text,  making  it  a  book  of  great  value  to  the  inventor,  the  drafts- 
man, and  to  all  readers  with  mechanical  tastes.  The  book  is  divided  into  eighteen  sections 
or  chapters,  in  which  the  subject-matter  is  classified  under  the  following  heads:  Mechanical 
Powers;  Transmission  of  Power;  Measurement  of  Power;  Steam  Power;  Air  Power  Appli- 
ances; Electric  Power  and  Construction;  Navigation  and  Roads;  Gearing;  Motion  and 
Devices;  Controlling  Motion;  Horological;  Mining;  Mill  and  Factory  Appliances;  Con- 
struction and  Devices;  Drafting  Devices;  Miscellaneous  Devices,  etc.  I5ux  Edition.  400 
octavo  pages.     Price $3«0B 


Mechanical  Appliances,  Mechanical  Movements  and  Novelties  of  Construc- 
tion.   By  Gardner  D.  Hiscox. 

This  is  a  supplementary  volume  to  the  one  upon  mechanical  movements.  Unlike  the  first 
volume,  which  is  more  elementary  in  character,  this  volume  contains  illustrations  and  de^ 
scriptions  of  many  combinations  of  motions  and  of  mechanical  devices  and  appliances  found 
in  difTerent  lines  of  machinery,  each  device  being  shown  by  a  line  drawing  with  a  description 
showing  its  working  parts  and  the  method  of  operation.  From  the  multitude  of  devices  de- 
scribed and  illustrated  might  be  mentioned,  in  passing,  such  items  as  conveyors  and  elevators. 
Pony  brakes,  thermometers,  various  tjrpes  of  boilers,  solar  engines,  oil-fuel  burners,  condensers, 
evaporators,  Corliss  and  other  valve  gears,  governors,  gas  engines,  water  motors  of  various 
descriptions,  air  ships,  motors  and  dynamos,  automobile  and  motor  bicycles,  railway  lock 
signals,  car  couplers,  link  and  gear  motions,  ball  bearings,  breech-block  mechanism  for  heavy 
guns,  and  a  large  accumulation  of  others  of  equal  importance.  One  thousand  specially  made 
engravings.    396  octavo  pages.    Fourth  edition.     Price $3*00 

Machlne-Shop  Tools  and  Shop  Practice.    By  W.  H.  Vandervoort. 

a  work  of  555  pages  and  673  illustrations,  describing  in  every  detail  the  construction,  opera- 
tion and  manipulation  of  both  hand  and  machine  tools.  Includes  chapters  on  filing,  fit> 
ting  and  scraping  surfaces;  on  drills,  reamers,  taps  and  dies;  the  lathe  ana  its  tools:  planers, 
shapers,  and  their  tools;  milling  machines  and  .cutters;  gear  cutters  and  gear  cutting;  drill- 
ing machines  and  drill  work;  grinding  machines  and  their  work;  hardenmg  and  tempering; 
fearing,  belting  and  transmission  machinery;  useful  data  and  tables.  Sixth  edition. 
'"<» $3.00 

Machlne-Shop  Arithmetic.    By  Colvin-Cheney. 

This  is  an  arithmetic  of  the  things  you  have  to  do  with  daily.  It  tells  vou  plainly  about: 
how  to  find  areas  in  figures;  bow  to  find  surface  or  volume  oi  balls  or  spheres;  handy  ways 
for  calculating;  about  compound  gearing;  cutting  screw  threads  on  any  lathe;  drilling  for 
taps;^  speeds  of  drills;  taps,  emery  wheels,  grindstones,  milling  cutters,  etc.;  all  about  the 
Metric  system  with  conversion  tables;  properties  of  metals;  strength  of  bolts  and  nuts; 
decimal  equivalent  of  an  inch.  All  sorts  of  machine-shop  fiflcuring  and  1,001  other  thints» 
any  one  of  which  ought  to  be  worth  more  than  the  price  of  this  book  to  you,  as  it  saves  yoa 
the  trouble  of  bothering  the  boss.    6th  Edition.    131  pages.    Price 50  CCntS 
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Modem  Milling  Maehlnes:   Their  Design,  Construction,  and  Operation. 

By  Joseph  G.  Horner. 

This  book  describes  and  illustrates  the  Milling  Machine  and  its  work  in  such  a  plain,  clear 
and  forceful  manner,  and  illustrates  the  subject  so  clearly  and  completely,  that  the  up-to- 
date  machinist,  student  or  mechanical  engineer  cannot  afford  to  do  without  the  valuable 
information  which  it  contains.  It  describes  not  only  the  early  machines  of  this  class,  but  notes 
their  gradual  development  into  the  splendid  machines  of  the  present  day,  giving  the  design 
and  construction  of  the  various  types,  forms,  and  special  features  produced  by  prominent 
manufacturers,  American  and  foreign.    304  pages,  300  illustrations.    Cloth.    Price. . .    ^.00 


**  Shop  Elnks.''    By  Robert  Grimshaw. 

A  book  of  400  pag^  and  222  illustrations,  being  entirely  different  from  any  other  book  on 
machine-shop  practice.  Departing  from  conventional  style,  the  author  avoids  universal 
or  common  shop  usage  and  limits  his  work  to  showing  special  ways  of  doing  things  better, 
more  cheaply  and  more  rapidly  than  usual.  As  a  result  the  advanced  methods  of  represen- 
tative establishments  of  the  world  are  placed  at  the  disposal  of  the  reader.  This  book  shows 
the  proprietor  where  large  savings  are  possible,  and  how  products  may  be,  improved.  To 
the  employee  it  holds  out  suggestions  that,  properly  applied,  will  hasten  his  advancement. 
No  shop  can  afford  to  be  without  it.  It  bristles  with  valuable  wrinkles  and  helpful  sugges- 
tions, it  will  benefit  all,  from  apprentice  to  proprietor.  Every  machinist,  at  any  age,  should 
study  its  pages.    Fifth  edition.    Price $!3.50 

The  Modem  Machinist.    By  John  T.  Usher. 

This  is  a  book,  showing  by  plain  description  and  by  profuse  engravings  made  expresslv  for 
the  work,  all  that  is  best,  most  advanced,  and  of  the  highest  efficiency  in  modern  machine- 
shop  practice,  tools  and  implements,  showing  the  way  by  which  and  through  which,  as  Mr. 
Maxim  says,  "American  machinists  have  become  and  are  the  finest  mechanics  in  the  world." 
Indicating  as  it  does,  in  every  line,  the  familiarity  of  the  author  with  every  detail  of  daily 
experience  in  the-  shop,  it  cannot  fail  to  be  of  service  to  any  man  practically  connected  with 
the  shaping  or  finishing  of  metals. 

There  is  nothing  experimental  or  visionary  about  the  book,  all  devices  being  in  actual  use 
and  giving  good  results.  It  mi^ht  be  called  a  compendium  of  shop  methods,  showing  a 
variety  of  special  tools  and  appliances  which  will  give  new  ideas  to  many  mechanics,  from 
the  superintendent  down  to  the  man  at  the  bench.  It  will  be  found  a  valuable  addition  to 
any  machinist's  librarjr,  and  should  be  consulted  whenever  a  new  or  difficult  job  is  to  be 
done;  whether  it  is  boring,  milling,  turning,  or  planing,  as  they  are  all  treated  in  a  practical 
manner.    Fifth  edition.    320  pages.    250  illustrations.    Price ^.50 

Modern  Machine-Shop  Construction,  Equipment  and  Management.    By 

Obcar  E.  Perrigo. 

The  only  work  published  that  describes  the  Modern  Shop  or  Manufacturing^  Plant  from  the 
time  the  grass  is  growing  on  the  site  intended  for  it  until  the  finished  product  is  shipped.  Just 
the  book  needed  by  those  contemplating  the  erection  of  modern  shop  buildings,  the  rebuilding 
and  reorganization  of  old  ones,  or  the  introduction  of  Modem  Shop  Methods,  time  and  cost 
systems.  It  is  a  book  written  and  illustrated  by  a  practical  shop  man  for  practical  shop  men 
who  are  too  busy  to  read  theories  and  want  facts.  It  is  the  most  complete  all-round  book  of 
its  kind  ever  published.  Second  Edition,  Re\ased.  384  large  quarto  pages.  219  original  and 
specially  made  illustrations.    2nd  Revised  and  Enlarged  Edition.     Price $5*00 


MANUAL  TRAINING 

Economics  of  Manual  Training.    By  Louis  Rouillion. 

The  only  book  published  that  gives  just  the  information  needed  by  all  interested  in  Manual 
Training,  regarding  Buildings,  Equipment,  and  Supplies.  Shows  exactly  what  is  needed 
for  all  grades  of  the  work  from  the  Kindergarten  to  the  High  and  Normal  School.  Gives 
itemized  lists  of  everything  used  in  Manual  Training  Work  and  tells  just  what  it  ought  to 
cost.  Also  shows  where  to  buy  supplies,  etc.  Contains  174  pages,  and  is  fully  illustrated. 
Second  edition.    Price $l*5d 
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MARINE  ENGINEERING 

The  Naval  Architect's  and  Shipbuilder's  Pocket  Book  of  Formulae,  Rules/ 
and  Tables  and  Marine  Engineer's  and  Surveyor's  Handjr  Book  of 
B^wence.    By  Clement  Mackbow  and  Lix)td  Woollard. 

The  eleventh  Revised  and  Enlarged  Edition  of  this  most  compi-ehensive  work  has  just  been 
issued.  It  is  absolutely  indispensable  to  all  engaged  in  the  Shipbuilding  Industry,  as  it  con- 
denses into  a  oompaot  form  all  data  and  formulss  that  are  ordmarily  required.  The  book  ia 
completely  up  to  date,  including  among  other  subjects  a  section  on  Aeronautics.  750  pages. 
hmp  leather  binding.    Price $5*00  BOt 


Marine  Engines  and  BoOers:  Their  Design  and  Construction.    By  Dr.  G. 

Bauer,  Leslie  S.  Robertson  and  S.  Bryan  Donkin. 

• 

In  the- words  of  Dr.  Bauer,  the  present  work  owes  its  origin  to  an  oft  felt  want  of  a  condensed 
treatise  embodying  the  theoretical  and  practical  rules  used  in  designing  marine  engines  and 
boilers.  The  need  of  such  a  work  has  been  felt  by  most  engineers  engaged  in  the  construction 
and  working  of  marine  engines,  not  only  by  the  younger  men,  but  also  by  those  of  greater  ex- 
perience. The  fact  that  the  ori^nal  German  work  was  written  by  the  chief  engineer  of  the 
famous  Vulcan  Works,  Stettin,  is  in  itself  a  guarantee  that  this  book  is  in  all  respects  thor- 
oughly up-to-date,  and  that  it  embodies  all  the  information  which  is  necessarv  for  the  design 
and  construction  of  the  highest  types  of  marine  engines  and  boilers.  It  may  be  said  that  the 
motive  power  which  Dr.  Bauer  has  placed  in  the  fast  German  liners  that  have  been  turned  out 
of  late  years  from  the  Stettin  Works  represent  the  very  best  practice  in  marine  engineering  of 
-  the  present  day.  The  work  is  clearly  written,  thoroughly  systematic,  theoretically  sound; 
while  the  character  of  the  plans,  drawingsi  tables,  and  statistics  is  without  reproach.  The 
illustrations  are  careful  reproductions  from  actual  working  drawings,  with  some  well*  executed 
photographic  views  of  completed  engines  and  boilers.  744  pages,  550  illustrations  and  num- 
erous tables.    Cloth.    Price f9«00  net 


MINING 


Ore  Deposits,  with  a  Chapter  on  Hints  to  Prospectors.    By  J.  P.  Johnson. 

This  book  gives  a  condensed  account  of  the  ore  deposits  at  present  known  in  South  Africa. 
It  is  also  intended  as  a  guide  to  the  prospector.  Only  an  elementary  knowledge  of  geologj' 
and  some  mining  experience  are  necessar]^  in  order  to  understand  this  work.  Witn.  these 
qualifications,  it  will  materially  assist  one  in  his  search  for  metalliferous  mineral  occurrences 
and,  so  far  as  simple  ores  are  concerned,  should  enable  one  to  form  some  idea  of  the  possi* 
biUties  of  any  he  may  find.    Illustrated.    Cloth.    Price $3.00 


Practical  Coal  Mining.    By  T.  H.  Cockin. 

An  important  work,  containing  42S  pages  and  213  illustrations,  complete  with  practical  details* 
which  will  intuitively  impart  to  the  reader  not  only  a  general  knowledge  of  the  principles 
of  coal  mining,  but  also  considerable  insight  into  allied  subjects.  The  treatise  is  positively 
ui>-to-date  in  every  instance,  and  should  be  in  the  hands  of  every  colliery^  engineer,  geologist, 
mine  operator,  superintendent,  foreman,  and  all  others  who  are  interested  in  or  connected  with 
the  industry.    3a  Edition.     Cloth.    Price $Z*50 


Physics  and  Chemistry  of  Mining.    By  T.  H.  Btrom. 

a  practical  work  for  the  use  of  all  preparing  for  examinations  in  mining  or  qualifying  for 
colliery  managers*  certificates.  The  aim  of  the  author  in  this  excellent  book  is  to  place  clearly 
before  the  reader  useful  and  authoritative  data  which  will  render  him  valuable  assistance  in 
his  studies.  The  only  work  of  its  kind  published.  The  information  incorporated  in  it  will 
prove  of  the  greatest  practical  utility  to  students,  mining  engineers,  colliery  managers,  and 
all  others  who  are  specially  interestea  in  the  present-day  treatment  of  mining  problems.  160 
pages,  illustrated.    Price    $2.00 
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PATTERN  MAKING 

^acUeal  Pattern  Making.    By  F.  W.  Barrows. 

This  book,  now  in  its  second  edition,  is  a  comprehensive  and  entirely  practical  treatise  on  the 
subject  of  pattern  making,  illustrating  pattern  work  in  both  wood  and^  metal,  and  with  definite 
instructions  on  the  use  of  plaster  of  paris  in  the  trade.  It  fpves  specific  and  detailed  descrip- 
tions of  the  materials  used  by  pattern  miners,  and  describes  the  tools,  both  those  for  the 
bench  and  the  more  interesting  machine  tools,  having  complete  chapters  on  the  Lathe,  the 
Circular  Saw,  and  the  Band  Saw»  li  gives  many  examples  of  pattern  work,  each  one  fully 
illustrated  and  explained  with  much  detail.  These  examples,  in  tneir  great  variety,  offer  much 
that  will  be  found  of  interest  to  all  pattern  makers,  ana  especially  to  the  younger  ones,  who 
are  seeking  information  on  the  more  advanced  branches  of  their  trade. 

In  this  second  edition  of  the  work  will  be  found  much  that  is  new,  even  to  those  who  have 
long  practised  this  exacting  trade.  In  the  description  of  patterns  as  adapted  to  the  Moulding 
Machine  many  difficulties  which  have  long  prevented  the  rapid  and  economical  production  <n 
castings  are  overcome;  and  this  great,  new  branch  of  the  trade  is  given  much  space.  Strip- 
ping plate  and  stool  plate  work  and  l^e  less  expensive  vibrator,  or  rapping  plate  work,  are 
all  explained  in  detcul. 

Plain,  every-da:i^  rules  for  lessening  the  cost  of  patterns,  with  a  complete  system  of  cost 
keeping,  a  detailed  method  of  marking^  applicable  to  all  branches  of  the  trade,  with  com- 
plete information*  showing  what  the  pattern  is,  its  specific  title,  its  cost,  date  of  production, 
material  of  which  it  is  made,  the  number  of  pieces  and  core-boxes,  and  its  location  in  the 
pattern  safe,  all  condensed  into  a  most  complete  card  record,  wit^  cross  index. 
The  book  closes  with  an  original  and  practical  method  for  the  inventory  and  valuation  of 
patterns.    Containing  nearly  350  pages  and  170  illustrations.    Price ^j 


PEBFUMEBY 

fMlimes  and  Cosmetics:  Their  Preparation  and  Manufaeture.    By  G.  W. 

AsKiNSON,  Perfumer. 

A  comprehensive  treatise,  in  which  there  has  been  nothing  omitted  that  could  be  of  value 
to  the  perfumer  or  manufacturer  of  toilet  preparations.     Complete  directions  for  making 
handkerchief  perfumes,  smelling-salts,  sachets,  fumigating  pastilles;    preparations  for  the 
care  of  the  skin,  the  mouth,  the  hair,  cosmetics,  hair  d^es  and  other  toilet  articles  are  given, 
«l8o  a  detailed  description  oi  aromatic  substances;   their  nature,  tests  of  purity,  and  whole- 
49ome  manufacture,  including  a  chapter  on  synthetic  products,  with  formulas  for  their  use. 
A  book  of  general  as  well  as  professional  interest,  meeting  the  wants  not  only  of  the  drug- 
'              sist  and  perfume  manufacturer,  but  also  of  the  general  public.     Among  the  contents  are: 
1.  The  History  of  Perfumery.     2.  About  Aromatic  Substances  in  General.     3.  Odors  from 
the  Vegetable  Kingdom.    4.  The  Aromatic  Vegetable  Substances  Employed  in  Perfumery. 
■5.  The  Animal  Substances  Used  in  Perfumery.    6.  The  Chemical  Products  Used  in  Perfumery. 
7.  The  Extraction  of  Odors.    8.  The  Special  Characteristics  of  Aromatic  Substanoes.    0.  The 
Adulteration  c^  Essential  Oils  and  Their  Recognition.     10.  Synthetic  Products.     11.  Table 
of  Phsrsical  Properties  of  Aromatic  Chemicals.     12.  The  Essences  or  Extracts  Employed 
in  Perfumerv.      13.  Directions  for  Making  the  Most  Important  Essences  and  Extracts. 
14.  The  Division  of  Perfumery.    15.  The  Manufacture  of  Handkerchief  Perfumes.    16.  For- 
mulas for  Handkerchief  Perfumes.     17.  Ammoniacal  and  Acid  Perfumes.      18.  Dry  Per- 
fumes.    19.  Formulas  for  Dry  Perfumes.    20.  The  Perfumes  Used  for  Fumigation.    21.  An- 
tiseptic and  Therapeutic  Value  of  Perfumes.    22.  Classification  of  Odors.    23.  Some  Special 
Perfumery  Products.    24.  Hygiene  and  Cosmetic  Perfumery.    25.  Preparations  for  the  Care 
of  the  Skin.     26.  Manufacture  of  Casein.     27.  Formulas  for  Emulsions.     28.  Formulas  for 
Cream.     29.  Formulas  for  Meals,  Pastes  and  Vegetable  Milk.     30.  Preparations  Used  for 
the   Hair.     31.  Formulas  for   Hair   Tonics   and   Restorers.     32.  Pomades  and   Hair  Oils. 
33.  Formulas  for  the  Manufacture  of  Pomades  and  Hair  Oils.     34.  Hair  Dyes  and  Depila- 
tories.      35.    Wax    Pomades,     Bandolines    and    Brilliantines.      36.  Skin    Cosmetics    and 
Face  Lotions.     37.  Preparations  for  the  Nails.     38.  Water  Softeners  and  Bath  Salts.     39. 
Preparations  for  the  Care  of  the  Mouth.    40.  The  Colors  Used  in  Perfumery.    41.  The  Uten- 
sils Used  in  the  Toilet.      Fourth  edition,  much  enlarged  and  brought  up  to  date.    Nearly 
400  pages,  illustrated.    Price $5*00 


WHAT  IS  SAID  OF  THIS  BOOK: 

1  ne  most  8ax;iBiacK)ry  wofk  on  me  suojeci)  oi  irenuraery  wutt  we  u»ve  ovci-  aeeu  * 
«« 


"The  most  satisfactory  work  on  the  subject  of  Perfumery  that  we  have  ever  seen. 
••We  feel  safe  in  saying  that  here  is  a  book  on  Perfumery  that  will  not  disappoint  you,  for 
it  has  practical  and  excellent  formula  that  are  within  your  ability  to  prepare  readily." 
"  We  recommend  the  volume  as  worthy  of  confidence,  and  say  that  no  purchaser  will  be  dis- 
appointed in  securing  from  its  pages  good  value  for  its  cost,  and  a  large  dividend  on  the  same* 
•rsn  if  he  should  use  but  one  per  cent,  of  its  working  formula. — PharmacetOical  Baoord. 
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PLLTHBING 

Mechanical  Drawing  for  Plumbers.    By  R.  M.  Starbuck. 

A  conciae,  comprehenBive  and  practical  treatise  on  the  subject  of  mechanical  drawing  in  its 
various  modem  applications  to  the  work  of  all  who  are  in  any  wav  connected  with  the  plumb" 
ing  trade.  Nothing  will  so  help  the  plumber  in  estimating  ana  in  explaining  work  to  cus" 
tomers  and  workmen  as  a  knowledge  of  drawing,  and  to  the  workman  it  is  of  inestimabla 
value  if  he  is  to  rise  above  his  position  to  positions  of  greater  responsibility.  Among  the 
chapters  contained  are:  1.  Value  to  plumber  of  knowledge  of  drawing;  tools  required  and 
theu*  use;  common  views  needed  in  mechanical  drawing.  2.  Perspective  versus  mechanical 
drawing  in  showing  plumbing  construction.  3.  Correct  and  incorrect  methods  in  plumbing 
drawing;  plan  and  elevation  explained.  4.  Floor  and  cellar  plans  and  elevation;  scale 
drawings;  use  of  triangles.  5.  Use  of  triangles;  drawing  of  fittings,  traps,  etc.  6.  Drawing 
plumbing  elevations  and  fittings.  7.  Instructions  in  drawing  plumbing  elevations.  8.  The 
drawing  of  plumbing  fixtures;  scale  drawings.  9.  Drawings  of  fixtures  and  fittings.  10.  Ink- 
ing of  drawings.  11.  Shading  of  drawings.  12.  Shading  of  drawings.  13.  Sectional  drawings; 
drawing  of  threads.  14.  Plumbing  elevations  from  architect's  plan.  16.  Elevations  of  Bep»- 
rate  parts  of  the  plumbing  system.  16.  Elevations  from  the  architect's  plans.  17.  Drawings 
of  detail  plumbing  connections.  18.  Architect's  plans  and  plumbing  elevations  of  residence. 
19.  Plumbing  elevations  of  residence  (eoTuinued);  plumbing  plans  for  cottage.  20.  Plumbing 
elevations;  roof  connections.  21.  Plans  and  plumbing  elevations  for  six-flat  building.  22. 
Drawing  of  various  p&rtB  of  the  plumbing  system;  use  of  scales.  23.  Use  of  architect's  scales. 
24.  Special  features  in  the  illustrations  of  country  plumbing.    25.  Drawing  of  wrought-iron 

tiping,  valves,  radiators,  coils,  etc.     26.  Drawing  of  piping  to  illustrate  heating  systems. 

50  illustrations.    Price $1.5^ 
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Modem  Plumbing  Diustrated.    By  R.  M.  Starbuck. 

Thb  book  represents  the  highest  standard  of  plumbing  work.  It  hftfl  bMtt  adopted  &fid  lisdd 
as  a  reference  book  by  the  United  States  Government  in  its  sanitary'  work  in  Cuba,  Porto 
Rico  and  the  Philippines,  and  by  the  principal  Boards  of  Health  of  the  United  States  and 
Canada. 

It  gives  connections,  sices  and  working  data  for  all  fixtures  and  groups  of  fixtures.  It  is  help- 
ful to  the  master  plumber  in  demonstrating  to  his  customers  and  in  figuring  work.  It  gives 
the  mechanic  and  student  quick  and  easy  access  to  the  best  modem  plumbing  |>ractice.  Sug- 
gestions for  estimating  plumbing  construction  are  contained  in  its  pages.  This  book  repre- 
sents, in  a  word,  the  latest  and  beet  up-to-date  practice  and  should  oe  in  the  hands  of  every 
architect,  sanitary  engineer  and  plumber  who  wishes  to  keep  himself  up  to  the  minute  on 
this  important  feature  of  construction.  Contains  following  chapters,  each  illustrated  with  a 
full'page  plate:  Kitchen  sink,  laundry  tubs,  vegetable  wiush  sink;  lavatories,  pantry  sinks, 
contents  of  marble  slabs;  bath  tub,  foot  and  sits  bath,  shower  bath;  water  closets,  venting 
of  water  closets;  low-down  water  closets,  water  closets  operated  by  flush  valves,  water  closet 
range;  slop  sink,  urinals,  the  bidet;  hotel  and  restaurant  sink,  grease  trap;  refrigerators, 
safe  wastes,  laundry  waste,  lines  of  refrigerators,  bar  sinks,  soda  fountain  sinks;  horse  stall, 
frost-proof  water  closets;  connections  for  S  trapie,  venting;  connections  for  dnun  traps: 
soil-pipe  connections;  supporting  of  soil  pipe;  main  trap  and  fresh-air  inlet;  floor  drains  and 
cellar  drains,  subsoil  drainage;  water  closets  and  floor  connections;  local  venting^  connections 
for  bath  rooms;  connections  for  bath  rooms,  continued;  examples  of  poor  practice;  roughing 
work  ready  for  test;  testing  of  plumbing  systems;  method  of  continuous  venting:  continuous 
venting  for  two-floor  work;  continuous  venting  for  two  lines  of  fixtures  on  three  or  more 
floors;  continuous  venting  of  water  dosets;  plumbing  for  cottage  house;  construction  for 
cellar  piping;  plumbing  for  residence,  use  of  special  fittings;  plumbing  for  two-flat  house; 
plumbing  for  apartment  building,  plumbing  for  double  apartment  building;  plumbing  for 
office  building;  plumbing  for  public  toilet  rooms;  plumbing  for  public  toilet  rooms,  con^ 
tinned;  plumbing  for  bath  establishment;  plumbing  for  engine  house,  factory  plumbing; 
automatic  flushing  for  schools,  factories,  etc.;  use  of  flushing  valves;  urinals  for  piiblic  toilet 
rooms;  the  Durham  system,  the  destruction  of  pipes  b3^  electrolysis;  construction  of  work 
-  without  use  of  lead;  automatic  sewage  lift;  automatic  sump  tank;  country  plumbing; 
construction  of  cesspools;  septic  tank  and  automatic  sewage  siphon;  water  supply  for 
country  house;  thawing  of  water  mains  and  service  by  electricity;  double  boilers;  hot 
water  supply  of  large  buildings;  automatic  control  of  hot-water  tank;  suggestions  for 
estimating  plumbing  construction.  407  octavo  pages,  fully  illustrated  by  57  full-page 
eB0ravia^.    Third,  revised  and  enlarged  edition,  just  issued.    Price $4.00 
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SCaadard  Practical  Flumblng.    By  R.  M.  Starbuck. 

A  complete  practical  treatise  of  450  pages,  eovering  the  subject  of  Modem  Plumbing  in  all  its 
branches,  a  large  amount  of  space  bemg  devoted  to  a  very  complete  and  practical  treatment  of 
the  subject  of  Hot  Water  Supply  and  Circulation  and  Range  Boiler  Work.  Its  thirty  chapters 
include  about  every  phase  oi  the  subject  one  can  think  of,  making  it  an  indispensable  work  to 
the  master  plumber,  the  joumesrman  plumber,  and  the  apprentice  plumber,  containing  chap- 
ters on:  the  pliunber's  tools;  ^pin|;  solder;  composition  and  use;  joint  wiping;  lead  work; 
traps;  siphonage  of  traps;  venting;  continuous  venting;  house  sewer  and  sewer  connections; 
house  drain;  soil  piping,  roughing;  main  trap  and  fresh  air  inlet;  floor,  yard,  cellar  dittins, 
rain  leaders,  etc.  J  fixture  wastes;  water  closets;  ventilation;  improved  plumbing  connections; 
residence  plimibing;  plumbing  for  hotels,  schools,  factories,  stables,  etc.;  modern  country 
plumbing;  filtration  of  sewage  and  water  supply;  hot  and  cold  supply;  range  boilers;  circula- 
tion; circulating  pipes;  range  boiler  problems;  hot  water  for  large  buildings;  water  lift  and 
its  use;  multiple  connections  for  hot  water  boilers;  heating  of  radiation  by  supply  sjrstetn; 
theory  for  the  plumber;  drawing  for  the  plumber.  Fully  illustrated  by  347  engravings. 
Price 93.00 

RECIPE  BOOK 

Veolej^s  Twentieth  Century  Book  of  B«cipes,  Formulas  and  Processes. 

Edited  by  Gardner  D.  Hiscox. 

The  most  valuable  Techno-chemical  Formula  Book  published,  including  over  10,000  selected 
scientific,  chemical,  technological,  and  practical  recipes  and  processes. 

This  is  the  most  complete  Book  of  Formulas  ever  published,  giving  thousands  of  recipes  for 
the  manufacture  of  valuable  articles  for  everyday  use.  Hints,  Helps,  Practical  Ideas,  and 
Secret  Processes  are  revealed  within  its  pages.     It  covers  every  branch  of  the  useful  arts  and 

'  tells  thousands  of  wajrs  of  making  money,  and  is  just  the  book  everyone  should  have  at  his 
command. 

Modem  in  its  treatment  of  every  subject  that  properly  falls  witiiin  its  scope,  the  book  may 
truthfully  be  said  to  present  the  very  latest  formulas  to  be  found  in  the  arts  and  industries, 
and  to  retain  those  processes  which  long  eiroerience  has  proven  worthy  of  a  permanent  record. 
To  present  here  even  a  limited  niunber  of  the  subjects  which  find  a  place  in  this  valuable  work 
would  be  difficult.  Suffioei  to  say  that  in  its  pages  will  be  found  matter  of  intense  interest  and 
immeasiunbly  practical  value  to  the  scientific  amateur  and  to  him  who  wishes  to  obtain  a 
knowledi^  of  the  many  processes  used  in  the  arts,  trades  and  manufacture,  a  knowledge 
which  will  render  his  pursuits  more  instructive  and  remunerative.  Serving  as  a 
reference  book  to  the  small  and  large  manufacturer  and  supplying  intelligent  seekers  with  the 
information  necessary  to  conduct  a  process,  the  work  will  be  found  of  inestimable  worth  to 
the  Metallurgist,  the  Photographer,  the  Perfumer,  the  Painter,  the  Manufacturer  of  Glues, 
Pastes,  Cements,  and  Mucilages,  the  Compounder  of  Alloys,  the  Cook,  the  Physician,  the 

.  Druggist,  the  Electrician,  the  Brewer,  the  Engineer,  the  Foundrsrman,  the  Machinist,  the 
Potter,  the  Tanner,  the  Confectioner,  the  Chiropodist,  the  Maniciu-ist,  the  Manufacturer  of 
Chemical  Novelties  and  Toilet  Preparations,  the  Dyer,  the  Electroplater,  the  Enameler,  the 
Engraver,  the  Provisioner,  the  Glass  Worker,  the  Uoldbeater,  the  Watchmaker,  the  Jeweler, 
the  Hat  Maker,  the  Ink  Manufacturer,  the  Optician,  the  Farmer,  the  Dairsrman.  the  Paper 
Maker,  the  Wood  and  Metal  Worker,  the  Chandler  and  Soap  Maker,  the  Veterinary  Surgeon, 
and  the  Technologist  in  general. 

A  mine  of  information,  and  up-to-date  in  eveiy  respect.  A  book  which  will  prove  of  value 
to  EVERYONE,  as  it  covers  every  branch  of  the  Useful  Arts.  Every  home  needs  this  book: 
every  office,  every  factory,  every  store,  every  public  and  private  enterprise — ^EVERYWHERE 
— should  have  a  copy.    800  pages.    Price t3«M 

WHAT  IS  SAID  OF  THIS  BOOK: 

**Yotir  Twentieth  Century  Book  of  Recipes,  Formulas,  and  Processes  duly  received.  I  am 
glad  to  have  a  copy  of  it,  and  if  I  could  not  replace  it,  money  couldn't  buy  it.  It  is  the  best 
thing  of  the  sort  i  ever  saw."     (Signed)     M.  E.  Tbux,  Sparta,  Wis. 

"There  are  few  persons  who  would  not  be  able  to  find  in  the  book  some  single  formula  that 
would  repay  several  times  the  cost'of  the  book." — MerchavUi^  Record  and  Sfiow  Window. 

"  I  purchased  your  book, '  Henley's  Twentieth  Century  Book  of  Recipes,  Formulas  and  Proc- 
esses,' about  a  year  ago  and  it  is  worth  its  weight  in  yoM." — Wm.  H.  Murray,  Bennington,  Vt. 

"ONE  OF  THE  WORLD'S  MOST  USEFUL  BOOKS" 

"Some  time  ago  I  got  one  of  your  'Twentieth  Century  Books  of  Formulas,'  and  have  made 
my  living  from  it  ever  since.  I  am  alone  since  my  husband's  death  with  two  small  children 
to  care  for  and  am  trying  so  hard  to  support  them.  I  have  customers  who  take  from  n>e 
Toilet  Articles  I  put  up,  following  directions  given  in  the  book,  and  I  have  found  everyone  of 
them  to  be  fine." — Mrs.  J.  H.  McMaken,  West  Toledo,  Ohio. 
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